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FOREWORD

v

This is the second of a series of reliability assessment reports
on the Orbiting Gedphysical Observatories (OGO). Working under prime
contract NAS 5-1692, awarded by the Goddard Space Flight Center of
the National Aeronautics and Space Administration, fhe Planning
Research Corporation study team assists NASA in the over-all OGO
development program by making independent estimates of OGO space-
craft system reliability, aiding in the establishment of reliability goals,
and acting as a technical advisor to NASA in OGO reliability matters.

_’i‘he first reliability assessment was preliminéry in nature inthat
it was based on not-quite-finalized designs (in some areas), limited in-
formation about the experiments to be "serviced" by the OGO spacecraft,
and broadly defined environmental and electrical stresses. The second

assessment, which is reported herein, consists of a "second look" at

the work of the first assessment, generally updating and refining the
preliminary work  Spacifically. to bring more realism into the second
é.ssessment; a number of siinplifying as sumptions -that had of necessity
been made in the preliminary assessment were eliminated, launch and
POGO effects were brought into the assessment, each individual sub-
systenﬁ assessment was -more detailed and incorporated the latest de-
sign changes, basic failure rates were “re'\'rised based on new informa-=
tion, and the reliability models were revised to incorporate the greater
depth of engineering analysis.

The third assessment, currently underway, will further refine
and update the first two assessments. Primary emphasis is being
placed on increased engineering analysis at the subsystem level, guided
by the basic objective of achieving a complete assessment of all aspects
ofthe spacecraft. To addtothe completeness and realism of the assess-
ment, applicable data arising from all OGO spacecraft and subsystem

tests during this périod will be incorporated into the assessment,



ABSTRACT

L

This report is an after-the-fact publication of the second assess-
ment findings in the sense that, because of OGO design changes and
other pertubations in the develbpment schedule, these ﬁnding's have al-
ready been reported via a number of technical édvisement memoranda
(TAM's). The report's purpose, then, is to provide the reader witha
single-entity report covering the work presented in these TAM's, In
addition to bringing the second assessment TAM's together in one vol-
ume, this report also supplies introductory and summary sections to
give the reader an over-all view of the assessment.

The report begins with the introduction and a summary of all

TAM's prepared to date. It is well to note that summaries of the TAM's

appearing in full in later sections of this report are included, thus pro-

. viding the reader_with a nondetailed description_ of the work reported _ _

in each such TAM, .
. sect "Parts Information," cersists of two U
input information that is essential to the second assessment. More ex-
plicitly, the first TAM presents the component-part failure rates used
in the second assessment system and subsystem reliability predictions,
and the second TAM consists of a complete listing of the spacecraft's
current parts complement. '
_ Section III, "Subsystem Assessments," is the heart of the report,
containing the TAM's describing the detailed aspects of the second re-
liability assessment of the five major spacecraft subsystems. Each of
these TAM's references the cbrresponding preliminary subsystem as-
sessment (e.g., in most cases, the subsystem description contains a
description of subsystem design changes occurring since the first as-
sessmer;t) to a great degree, and emphasizes the refinements and
greater depth of analysis introduced in the second assessment.

The Subsystem assessment predictions are cofnbiried in Section
IV, "Spacecraft System," in the form of a single TAM. This TAM re-

states the figure-of-merit (FOM) and: classical reliability formulations
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‘established in the preliminary assessment and then presents numerical

evaluations of spacecraft system reliability using each of these models.
The final section, "Conclusions and Recommendations," was es-
pecially prepared, as was the first section, to give the reader an over-
all view of the assessment. With this as its goal, the final section pre-
sents, in summary form, the conclusions and recommendations reached
during the second assessment. For the reader who is interested in
more de_tail, the source of each conclusion is given in termrs of the

TAM in which it appears in detailed form.
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I. INTRODUCTION AND SUMMARY OF TAM'S

[

A. Introduction

This document reports upon the second in a series of three inde-
pendent reliability assessments of the Orbiting Geophysical Observato-
ries (OGO). These assessments are being conducted by Planning Re-
‘search Corpo.ra,tion (PRC) for the Goddard Spacé Fllight Center, National
Aeronautiés and Space Administration.

The first assessment, intended to be of a preliminarynature, cul-

minated in PRC report R-243, Preliminary Reliability Assessment for

the Orbiting Geophysical Observatories, dated 1 February 1962 (Unclas-

sified). As a result of certain complexities not foreseen at the outset,

the first assessment entered into gr'eater detail in certain areas (notably

the Communications and Data Handling Subsystem) than had orlglnally
‘been envisioned for the initial assessment effort. This, in effect,
shifted portions of the second assessment effort into the preliminary as-
sessment. At the same time, design changes by STL had occasioned
some slippage in the development schedule and, consequently, caused a
'sli.ppage in PRC's preliminary assessment schedule due to the concom-
itant delays in delivery t'o PRC of essential drawings and other pertinent
information. |

Con31der1ng all these factors, the net result was a reduction in the

tlme scale and budgetmg allocations for the second assessment in order

‘to devote the necessary increased attention to the preliminary assess- .

ment, Further design changes.occurr’ed early in the second assessment
that necessitated the sequential (i.e., by subsystem) accomplishment of
the assessment. When the desirability of this course of action became
evident, GSFC and PRC representatives agreed that the subsystem and
system second assessments would be reported on sequentially, as they
were completed, through the use of technical advisement memoranda
(TAM's). Since other TAM's pertaining to specialized problems were
also issued during the second assessment, .it was felt that a single doc-

ument summarizing all the second assessment work and incorporating



the subsystem and system TAM's in toto is desirable. This report,
then, is an after-the-fact publication, as a -sir;gle-entity report, of the
work of the second assessment, A

The second assessment work has consisted, in the main, of a "sec-
ond look" at the work of the first assessment. In order to bring more
realism into the second assessment, considerable effort was devoted to
the elimination of a number of simplifying assumptions made as a matter
of economic and temporal necessity in the first effort. It should be re-
alized that the elimination of some of these assumptions has entailed con-
siderable detailed engineering activity at the subsystem level, while
others have involved changes in the over-all system reliability model.
FEach instance, however, has resulted in worthwhile increases in the re-
alism and practicality of the study.

At this writing, the third as';ses sment already is well underway,

That assessment will be devoted primarily to increased engineer.ing anal-
ysis at the subsystem level. In addition, it is anticipated that partial re-
->su1ts of STLis test program on the OGO spaicecré.ft will be available as
data inputs for the third assessment, iﬁcreasing the realism and utility
of the assessment results to a considerable degree.

. This second assessment report has been written under the assump-
tion that it need not be repetitive of the contents of the first assessment
report (PRC R—243). Hence, the reader is encouraged to consult that
_.report (as well as the referenced TAM'S summarized herein) when fur-
ther clarification or additional details are required.

The report is organized in the following fashion: The second half
of th.isrsection (subsecfipn I.B) contains a brief summary of each of the
TAM's published in the second assessment effort, Section II consists
of information cor;.c’erning parts being utilized in OGO. First, failure
rates for use in the reliability analysis are discussed (TAM No. 7) and,
second, a parts complement for the spacecraft is presented (TAM No. 10).
As concerns TAM'NO. 10, this is believed to be the only co.mple.te parts
. complement that has Beer_l prepared for the OGO system. Hence, it
should prove valuable in many activities over and above those related to

reliability considerations.



Section III containg complete copies of the TAM's reporting on the
second assessment for each subsystem. The TAM's presented are No. 9,
Communications and Data Hand,ling; No. 12, Attitude Control and Stabi-
lization; No. 11, Power Supply; No. 8, Thermal Control; and No. 6,
Structure.l It should be noted that not all of the TAM's summarized in
subsection I.B are reprinted in their entirety in Section IIl. Rather, only
those TAM's considered essential to an understanding of the s€cond as-
sessment results are reprinted; other more specialized TAM's are omit-
‘ ted, but have been summarized in silb'section 1.8,

Next, Secti'on_ IV reports the calc'ulated over-all OGO spacecraft
system reliability, synthésizing the results of the foregoing TAM'S
through use of the PRC figurer-—of—merit reliability model.

Finally, a summary of the conclusions and recommendations aris-
ing from the second assessment,activity is contained in Section V. This

section reports findings from the TAM's contained in their, entirety in - e

the body of this report, as well as those from TAM's given only summary

B. - Summary of TAM's

During the course of the OGO reliability studies, 13 technical ad-
visement memoranda havé been issued by PRC. Actually, certain of

these TAM's were published during the périod of the first assessment,

. but in order to provide a complete picture all of them are summarized

in' this subsection. .'Also,‘ 8 of the 13 TAM's (those essential to the me-
chanics of the second assessment) are published in their entirety in sub-
sequent sections of this document.

In summary, the contents of the TAM's are as follows:

1. TAM No. 1, "Technical Advisement Memoranda®"

TAM No. ! establishes the policy for issuance of TAM's by
PRC and recommends a procedure for review and comment by STL and
GSFC. Since this TAM is nontechnical in nature, no further summary

discussion of it will be presentéd here.

I .
TAM's are numbered in the order published; however, for ease of cross-
reference, subsystems are listed in the order established in PRC R-243.
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2. TAM No. 2, "Communications and Data Handling (CDH)
Subsystem, Main Commutator Matrix (MCM) Reliability,"

TAM No. 2 first evolves a generalized functional description
of the MCM, as pr.esently designed, in which the main commutator coun-
ter (MCC) is identified as a seven-stage binary counter the function of
which is to drive the MCM. The driving mechanism is based on true or
false logic states that are transformed into 128 word-time signals by the
MCM. The MCC is configured in a row-column matrix with a four-stage
counter driving a three-stage counter to achieve the seven stages. The
state signals drive 16 four-input diode "AND" gates in the four-stage
counter and 8 three-input diode "AND" gates in the three-stage counter.
Suitable buffer amplifiers are also provided.

A parts count is made based on the above configuratio'n. This is

-followed by an analysis of types of failures wherein it is shown (with cal-

culated probabilities of occurrence) that certain failures can cause either -
loss of signal or garbling of signal for entire rows or columns. Other
failures are serious in nature in that single;-word losses result,

In view of the seriousness of certain failures (occurring with non-
negligible probability) with this row-column design, two alternate de-
signs are evolved in the TAM and"paii:ts counts are calculated for them.
One of these is called the "direct" scherrie; in which 128 seven-input
"AND" gates are used (i.e., one for each word) in the MCM. More parts
- are involved with this configuration, but no gate failure causing multiple-
word loss can occur. The second scheme is called the "3-wire" scheme;
this involves an 8—row-.by-l6-column matrix portioned into 8 submatrices
with 4-row-by-4-column configurations.

It is clear that, in the above configurations (as well as in several
others that can be envisioned), the effects of failure are subject to wide
variation. This points up the importanée of the figure-of-merit (FOM) |
apf)roach and highlights the inadequacy of the "classical® reliability anal-
ysis for an application of this type. - Three types of analyses are made
for each of the three configurations: (1) FOM, (2) classical, and {3) parts-
count classical. For the cléssical analysis, it is assumed that success

is defined as having two-thirds or more of the 128 words in an operable
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state, The parts-count classical analysis as sumes that all parts are in
series, reliability-wise, and that any failure reéultsrin system loss.
(The FOM approach, having been discussed in depth in PRC's first as-
sessment report, will not be further discussed here.)

‘Clearly, an analysis of type (2)--and, even more so, type (3)--
would be unrealistic for this application, but, for purf}oses of compari-
son, these are inclﬁded in the following table. The table presents 1-
year reliability estimates for an MCM éonfigured in the three schemes

mentioned above.

Type of Analysis

Parts-Count

FOM Classical Classical
Present Design - 0.898 0.980 0.082
Direct : 0.975 ~ 1,00 0042 s e
3-Wire 0.983 0.997 0.170

It isvfirst concluded that the present design is the least reliable
of the three schemes considered. Then, additional consideration is
centered upon the "unpluggability" feature of the direct scheme, and
it is finally concluded that this "tailoring.to the mission" possibility

makes the direct scheme the superior one.

3. TAM No. 3, "Deétermination of Average Power Generated by
Solar Cells Under Conditions of Random -‘Tumbling"

The preliminary investigation reported in TAM No. 3 was
" performed at the request of GSFC. The purpbse of the investigation was
to determine whether, in a tumbling state, the solar cells of the OGO
spacecraft would "see" the sun for an adequate percentage of time to
generate sufficient power to keep the craft.ir_l some state of useful, though
highly degraded,. operation. .

Since the investigation is preliminary in nature, the general ap-
proach is to establish an optimistic methodology wherein the maximum

expected solar cell generation efficiency and the minimum spacecraft



power requirements are assumed. Then, the calculations indicate ei-
ther (1) that the spacecraft d'efinitely cannot survive in the tunribling state
or (2) that it cannot be determined on the basirs of this preliminary inves-
tigation that survival is possible. With answer (2), further investigation
might be warrantged' at the descretion of GSFC.

The basic relation utilized in the analysis is

p(6) = P, €08 <]

where p(f) is the power geherated by a single solar celi at any angle 6
from the sun, and P is the maximum power generation capability of
the cell when the sun's rays impinge upon its face at a 90° angle.

From the above relation it follows that thértotal power, P(0), for

an entire array of cells is
P(6) =P_ cos 8
m

" ‘where - P" S np (p ~ béing the” average P “of the individual tells~~ ~ -
comprising the array and n .being the numbér of cells). -

For a randomly tumbling spacecraft TAM No. 3 derives an equa-
tion for the average power, Pav » generated by the solar array. This

g
equation is :
- P .

o
]
[
0
>
=
o)
o

Using the above equation and required OGO power system data, the

following table is prepared:

Watt-Hours
. (Watts) Per EGO Orbit
Py (Watts) for a for agRandornly for a Randomly
Time in Orbit Perfectly Oriented Tumbling OGO Tumbling OGO

(Months) _ OGO Vehicle Vehicle _ Vehicle
0 423 135 5130
3 402 128 4860
6 380 121 4600
9 358 114 4330
12 337 107 4070



To investigate the capability of the spacecraft to survive in the
randomly tumbling state, it is necessary to esrtimate the minimum power
requirements for it to "keep alive" (i.e., perform any useful function as
a data-gathering device). In making this i_n%restigation it is assumed that
all unneeded equipment can be deactivated by command 'so that only essen-
tial power requirements are satisfied.

Baséd on published STL data, it is determined that 1765 watt-hours
per EGO orbit are required for the "keep-alive" randomly tumbling con-
dition. Thus, it is seen that answér (2) is obtained; i.e., it cannot be
stated whether survival is possible. A more definitive resolution would
require more detailed analysis, not only of the power generation system
and spacecraft power requirements, but of the capabilities of other sub-
systems in the tumbling state (e.g., the Thermal Control Subsystem).

4. TAM No. 4, "Critique of STL's OGO Reliability Report
_Number II, Dated 29 January 19627

At the request of GSFC, PRC rev1ewed the subject STL re-
port and prepared a critique in the form of a TAM. Essentially, this
" TAM compares PRC's first assessment findings with those of STL and
discusses the major points of difference. In summary, the major dif-

ferences are as follows: -~ .~

a. Generally, STL's failure rates are lower. than those
used by PRC. '
b,  STL uses a classical rellablllty model, while PRC

uses a figure-of-merit model plus a classical model

for cofnpa.rative purposes., -

c. Numerous differences (generally of'littie importance):
‘exist in the way the various subystems are assumed
to be redundant, the effects of failure, etc.

The resulting classical reliability estimates (for 1 year of opera-
tion) are summarized in the following table. The predominant factor
contribﬁtirig to the differences in PRC's and STL's classical e'stimat_es
(PRC's figure-of-merit e’s’timates cannot be compared with the STL es-

timate) is the difference in the failure rates used by the two corporations.



STI., Estimate . PRC Estimate

Subsystem From Subject Report From PRC R-243
Communications and ' 0.408 0.0574
Data Handling
Attitude Control 0.665 0.0698
and Stabilization
Power Supply 0.936 0.8840
. Thermal Control 0.980 0.9968
Structure 0.985 1.0000
System Reliability 0.25 0.0037

5. TAM No. 5, '"Structure Subsyétem, Weight Reduction"

At the request of GSFC, PRC devotes a modest éffort to re-
liability /weight tradeoffs for the OGO spacecraft; that is, studies are
made of areas where savings in weight might be achieved, perhaps with

a consequent reduction in system reliability. The first such study is'

+,?n+f@,q in TAM No. 5, whare a nocgible weight saving in the Structure -

.Subsystem is considered. Specifically, attention is given to the appen-
dage deployment release mechanism.

The design configuration (at the time of publication of the TAM) of

the appendage deployment release mechanism consists of two assemblies:
assembly A, actuating six double-ended éppendage release latches, and
assembly B, actuating six other double-ended appendage release latches.
"Each of these assemblies contains completely redundant gas pressure
bqttles, explosive valves, and plumbing. '

In estimating the reliability of the deployment release mechanism,
it is first as surﬁed that the reliability of the gas pressure bottles and the
plumbing is equal to unity. Then, the STL failure probab'ilities1 of 0.008
and 0.007 for an explosive valve and for one end of a double-ended release
lait_ch, respectively, are employed in the calculations. Using an expres-
sion describing the design configurations, it.is then determined that the

probability of success for the deployment release mechanism is 0.9981.

1 . . ' . .
STL's failure rates for structural items are being used by PRC in the
second assessment. '



Next, an alternative configuration is considered consisting of as-
semblies A' and B'. Each of these assemblies actuates six release
latches, as before, but the modified version is redundant only as con-
cerns the double-ended feature of the release latches., In. other words,
' the redundant bottles, explosive valves, and plumbing a.rereliminated.
The probability of success for this alternate configuration (using the
same failure probabilities) is calculated to be 0.9835,

This reduction in reliability (i.e., from 0.9982 to 0.9836) "buys"
an estimated weight savings of 0.78 pounds. However, it is shown that,
by further modifying the configuration, this reliability loss can be re-
covered with essentially no weight pena‘xlty. This can be accomplished
by adding red}’lndant charges in the valves. The deployment mechanism,
with this additional configuration change, has a calculated reliability of
0.9993.

Sem e e CTAM Noo "6, "Second Reliability Assessment for the OGO
Structure Subsystem!" - T

'As indicated in TAM No. 6, the second assessment differs
from the preliminary oné in two primary areas. First, the subsystem

design éhanges subsequent to the preliminary assessment are discussed,

and the differences are described in the form of chahges in subsystem
de'scriptions, failure modes, and model equations. The principal changes
é,re in the interstage release mechanisms and the gas-actuated appendage
reléase mechanism. The failure modes and model equations are revised
to account for the redesign changes. Second, the failure 'rates used in
the numerical calculations are appropriately increased to reflect the ef-
fects of launch-phase dynamics on the failure probabilities of the various
components.

The strengths and weaknesses of the subsystem are reviewed in
_ the light of existing STL specifications, test reports, and drawings. Anal-
ysis indicates that a significant weight saving could result at a,very small
cost in relia;bility if the rédundant deployment springs in the éppendage
joints are replaced with one spring per joint. |

The conclusions reached in TAM No. 6 are as follows:



a. If the Hinshelwood r‘eport1 accurately predicts the max-
imum acceleration, shock, and vibration loads, then the specifications
and qualification test requirements adequately provide for the design of
a highly reliabile Structure Subsystem. This conditional conclusion is
drawn by PRC although an acceleration test is not inciuded, nor its ex-
clusion justified, in the environmental-type test. It is PRC's judgment
that the exclusion of the acceleration test is a low~-order risk. .

b. It is certain that variations around the maximum ac-
celeration.,. shock, and vibration loads called out in the Hinshelwood re-
port will exist with some hopefully small, but finite, probability 6£ oc-
currence. ' '

' c. The above conclusion notwithstanding, it is felt that
the two env;ronmental qualification test specifications, D13351 and
D13353, are sufficiently severe to .define adequately most significant
—.structural problem areas during the performance of the pr>es_c ribed tests,
. if these problem areas have not already ‘bercjrrlhc;c;f;a“d—{iijih‘g development
testing.

d. ° The design of the boom deployment hinges and springs

appears to be adequate.

e. It is felt that vibration inputs to the spacecraft during
the launch phase will very likely be transmitted through the experiment
mounting panels at levels which will expose the experiment packages to

ac_celerétiqn_ levels higher .t‘han their design specifications require.
. . f. . It ié considered possible that the vibration levels ex-
perienced by the folded solar arrays during the launch phase will be high
enough to cause damage to the arrays due to large eiastic excursions.
The most probable failure mode is expected to be the loosening or dam-
aging of the ‘sola.r cells due to twisting or bowing of the substrates.

g. There are severé.l approaches to solving each of the
potential problems cited in e and f, and, since any solution ix}variably

results in-a weight penalty, it is considered unwise to apply solutions

lG. D. Hinshelwood, Estimated Shock, Aéceleration, and Vibration En-
vironments for Atlas-Agena B and Thor-Agena B Spacecraft, AGENA -
SAV-1, NASA, 1 August 1961.
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before the existence of the 'problem's themselves is verified (e. g., by

appropriate testing).

7. TAM No. 7, "Parts Failure Rates, OGO Second Reliability
Assessment’ : '

The purpose of TAM No. 7 is to arrive at failure rates to be
used in PRC's second assessment. The general approach is to survey"
all available data sources in order to determine whether failure rates
'used by PRC in its preliminary assessment should again be used "as is"
or should be revised in the light of new information. '

Flrst, it is concluded that maximum value can be realized by con-
fining the reexamination to the four most common classes of parts--
resistors, capacitors, diodes, and transistors. On that basis, it is de-

cided th'at,. with the exception of structural items, all other parts (in the

main, low-population items) will be as signed the same failure rates as .__

were used in the preliminary assessment--a decision of small conse-

J-—'l-—_a__ P 2 T S T -77,1' 41 1

“nlence aa foncaTnaTreal .14-ﬁ.,ﬁ. ,.‘L.-«.r.ﬁfﬁ.“_ 1. " 7 - A e D e

B T = =T L e b--....-«.“v Wi WLiTe u,uug‘A"wa.L“-

sﬁbsystem reliability calculations. - For structural items, STL's failure

rates are adopted by PRC because STL's more conservative numbers

seem the more realistic— eonsfldefm»ngfthe—effffects of launch-dynamics-
For the four most common parts, then, some 12 sources of data
are examined which were not available to PRC at the time that prelimi-
", nary assessment rates were derived.  Certain of these sources are of
a "laboratory" nature, leading to a side study in which it is concluded’

that the inherent differences between "laboratory" and "assembled hard-

ware'" applications justifies the assignment of a failure rate of 0.01 fail- ‘

ure per 10~ hours to parts deménstrating a "laboratory" failure rate
lower fha.n that amount.

Iﬁ the study of these 12 sources, a new position is taken in some’
instances on rates to be employed in the sécongi assessment. In the
main-, the new set of rates agrees closely with the set contained in. MIL
Handbook 217, seemingly the best source of failure-rate data currently

available.

11



8. TAM No. 8, "Second Reliability Assessment for the OGO
Thermal Control Subsystem i

TAM No. 8 begins by noting nine significant changes in the

subsystem configuration occur_rihg since the preliminary assessment.
Briefly, these changes involve (1) adjusting the fully open and fully closed
angles of selected louver actuators, (2) adding sunshades to protect one
radiating side panel, (3) cancelling plans to incorporate angle sensors for
the louvers, and (4) adding various materials and/or use of special proc-
esses to various portions of the subsystem to' improve its thermal con-
trol capabilities.

Subsystem states and modes are next reviewed and/or defined. A
review of the 36 failure modes delineated by STL revealed that the one-
by;one enumeration method of failure modes does not guarantee that all
important failure modes are identified. Hence, because they provide a
- more logical and accurate-delineation of failure-modes,-the failure.-modes - - - ..
used in the PRC preliminary assessment (modified slightly to identify
‘louver actuator failuves either as "siuck open® or "not situck open® fail-
ures) are also used in the second assessment.

The model equations, .except for the new interpretation of failure

“modes, remain unchanged. Component part failure ratés used in the
models are higher than before, based on test experience gained thus far
in the OGO development program and taking into account the dynamic and
thermal stresses to which the louver actuators are subjected duringlauﬁch.
The résulting reliabilrity predictions for the Thermal Control Subsystem at
the four quarters of a year are 0.995, 0.988,- 0.972, and 0.944, respec—
tively. | .

Apprehension expressed by PRC in the first assessment report
concerning the use of MoS2 as a lower bearing lubricant have been dis-
pelled by subsequent information. It appears that use of this lubricant
in the space environment will present no problems. o

Silbsy'st‘em strengths and weaknesses are noted. An additional
strength is achieved in the recent louver design modifications in that they

ensure a reasonable probability of sutrviving the launch-phase vibration



environment. The most critical areas are still the areas over the bat-
tery packs and the transmitters. | a
The TAM concludes with a preliminary quantitative assessment of
. the Thermal Control Subsystem under tumbling conditions. Based on
the assumption of a slowly tumbling spacectraft, it is shown that the steady-
state average temperature of the spacecraft would be in an acceptable
range; however, examination of a local "hot spot" (viz, the radiatingpanel
over the battery pack) reveals that the steady-state temperatures reached.
by this panel would cause battery failure. Althoﬁgh removal of such hot
.spots might be effected, it is concluded that (1) the design effort to do so
is not justifiable in view of existing spacecraft design constraints (e. g.,
maximum weight) and (2) a more detailed study involving a thorough dy-
namic heat balance analysis of the tumbling state is of questionable value

at this time.

9.  TAM No. 9, "Second Reliability Assessment for the OGO =~~~ 7777 =
Communications and Data Handling Subsystem"

The major portion of TAM No. 9 is devoted to an engineering ex-

planation of the operation of the command equipment. The functions of

"manner in which the receivers are squelched is brought out in detail.

The redesigned tone decoder is examined, and its operation is explained
to the extent that it is possible to understand exactly how a specific sé—
‘quehce of three tones will pr'odilce an unambiguous command output. The
digital decoder is treated in considerable depth, and attention is focused
on its functions and on the scheme used to address and decode the com-
mands. Details of word synchronization, parity checks, and interlock-
ing with the tone decoder are presented in an organiied fashion. The
command distribution unit is discussed briefly,

Such considerations as initial states of commiand relays and the ef-
fects of mission time-profile events on the execution of commands are
the subject of a éeparate section of the TAM. The importarice of these
considerations is demonstrated by a series of examples illustrating the

necessity of knowing the time-event sequence with reasonable accuracy
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and of accounting for the impact of the events on the usefulness and ef-
fectiveness of the conimands. These ideas aré extended to include fail-
ure effects in a broad sense; i. e., the consequence's of failures in the
command equipment, with full consideration being given to the opera-
tional configuration of the vehicle.

The TAM concludes with a reevaluation of the first numerical as-
sessment of reliability. Only one significant change is made in the
model equations, and this reflects the added capability of the redesigned
tone decoder. ~Except for this change, the first assessment model is
used; however, revised failure rates are employed throughout. Because
of these new failure rafes, the second assessment classical reliability
increases to 0.383 (for a full year) as against the 0.059 arrived at in the
first assessment. It is shown that the tone decoder revision is not a

major factor in this rather dramatic increase in reliability.

10, TAM No. 10, "OGO Spacecraft Parts Complement, Second
Reliability Asses sment" :

TAM No. 10 documents the OGO parts complement under-
lying PRC's second reliability assessment. In order to attain a high

order of accuracy in the parts tabulation for use in the second assess-

ment, as well as to facilitate the continuation of this level of accuracy
in subsequent assessments with a mini‘mlim of effort, the parts counts
given in the TAM (with a few exceptions) are derived from the most re-
- cently released drawings ‘currently available to PRC.

The information given in the TAM includes, in addition to the parts
count for each of the major subsystems, a definition of the parts accord-
ing to military or STL specifications and other available information sepa-
rating them from similar parts which may be different from a reliability
Viéwpoint. The TAM also sets forth the assumptions made regarding

.parts quality and cites the basis (e. g., épecific STL documents) for these
aséumptions. . . '

11, TAM No. 11, "Second Reliability Assessment for the OGO
Power Supply Subsystem"

The Power Supply Subsystem has been substantially rede-

signed since the first assessment. Therefore, TAM No. 11 is a complete
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assessment in itself. It describes the subsystem as it is now desi‘gned1
and considers its ability to handle POGO and EGO loads during the course
of their missions, The several modes of failure that can occur and the
methods provided to overcome their effect on subsystem operation and
reliability are definé&, described, and used as the basis for the reliabil-
ity model equations and numerical assessment.

The many strong points of the second design are noted. Perhaps
the principal strong point of this design is that no solar array output
power is dissipated in the shunt-type regulator when full output power is
demanded by the combination of system loads and battery recharging re-
quirements. The counterpart of this strength is the weakness that such
power conservation has not been used to reduce OGO weight by réducing
the number of solar cells. This could only be done, of course, if OGO
power requirements have not increased.

Though the reliability of the second design is high (0.91 after 1

year), it could be still higher if subsystem redundancy were increased

L ov making botli the bailteries and tiic sogulaives ndividually redundaii.
As the design now stands, the combination of a battery and a regulator
is redundant to the other battery and regulator; i.e., regulators are not

—_interchangeable after assembly. — -

The recommendations made in TAM 'Nb. 11, in condensed form,

. are‘as follows: )

a. The capability of one battery.to handle the entire load
should be established with statis‘u.:ical confidence.

b. Switching circuits to provide full redundancy of regu-

 lators and batteries should be employed.

c. Ground-station location studies should include the fact
that man‘y subsystem failure.modes are correctable
only By ground command.

d. The use of 1atching—type-re1ayé throughout the subsys-
tem should be considered. o

e. The possibility of utilizing the increased subsystem
efficiency to reduce subsystem weight should be

considered.
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12, TAM No. 12, "Second Reliability Assessment for the OGO
Attitude Control and Stabilization Subsystem"

The second assessment of the Attitude Control and Stabili-
zation Subsystem (reported in. TAM No. 12) bconsiders the effects of the
five distinct modes of operation in which the subsystem functions. Up-
to-date circuit diagrams (whenever available) are the sources for the
new analysis model, and new failure rates (reported in TAM No. 7) are
used.
| In addition to consideration of five operational modes; the assess-
ment considers the ACS as corﬁposed of four separate servo channels:
the solar array channel; the yaw channel; the pitch channel; and the roll
channel. In TAM No. 12, calculations are presented for each of the four
channels in each operating mode. Also, the subsystem numbers versus
mode are presented _

Durlng constriuction of the” second assessment ACS model,” it was”
recognized that "compartmenting" the model by-assembly interfaces is
unrealistic. 'fhe s’eparation of circuits into assemblies is often a pack-
aging expedient, and interfaces between such assemblies are not (in gen-

eral) the interfaces between functional circuit groups. Definition of

some of the "more natural" interfaces has been performed and.is dis-
cussed in TAM No. 12, All natural interfaces will be considered in the
third assessment model. Such "in-depth" study of functions in the ACS _
has effected several recommendations, which are included in TAM No.12.
Using the revised model and the revised failure rates, predicted
ACS reliability values are 0.328, 0.148, 0.066, and 0.028, corresponding
respectively to the four quarters of the 1-year OGO mission. This de-
crease in over-all ACS reliability is directly related to the increased

detail of analysis of the subsystem.

I3, TAM No. 13, "OGO Spacecraft System Reliability"

"In TAM No. 13 the implications to spacecraft syetem reli-
ability of the subsystem assessments are evaluated. Graphs of two PRC
figure-of-merit (FOM) system reliability measures are presented along

with a graph of a classical reliability measure. The classical measure
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R(t) expresses the probability as a function of mission time that space- .

craft equipment operation will be "satisfactory"

in a defined (though nec-
essarily somewhat arbitrary) sense. The first FOM V(f) measures, as

a function of mission time, the expected value of performance of OGO
experiments--taking possible spacecraft equipment failures into account--
relative to the ideal value of the experiments that would accrue if no such
failures occurred. The second FOM V(T) is the time average over the
interval (0, 7) of the first, Either of the two FOM measures is a more
"realistic" measure of spacecraft system reliability by virtue of its
obviation of the arbitrary definitions inherent in the classical measure.

The following table excerpts values from the graphs of the three

‘measures at four mission time points of interest.

gi&i;::}fﬁiatf; Mission Time, t or T (hours)

_Measure 2190 4380 6570 8760
Vi) 0.290 0.100 " 0,030 0,088
v(T) 0.580 0.376 0.270 0.208
R(t) 0.303 - 0.109 0,034 0.009
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II. PARTS INFORMATION

This section comprises two subsections, each consisting of a TAM.
The first subsection is TAM No. 7, "Parts Failure Rates--OGO Second
Reliability Assessment."” This TAM, in essence, represents a re-
examination of the failure rates used in the preliminary assessment in

_ the light of failure rate reference sources not employed‘in the prelimi-

nary assessment. Potential areas for revision are delineated, a philo-
sophical discussion of the use of "'laboratory" failure rates is presented,
a discussion of the new sources is presented together with failure rate
comparisons, an_d-a 1i$t of the failure rates selected for use in the sec-
ond assessment is given.

The second subsection is TAM No. 10, "OGO Spacecraft Parts

Complement.” This TAM is the first complete delineation of the com-

-.--ponent parts.constituting-the.spacecraft and its major subsystems. Such _ L

a complete listing is an indispensable input to the detailed second assess-

D mmim mam ke L. =12 B B N DI B P Toa 3 vy ‘ . -
- ment reliability pr : however, it is well to note that such a2 tab

ulation should prove to be quite useful for non-reliability purposes.

The tabulation itself is presented in the appendix to the TAM; it

is broken down first by major subsystems, each of thé five subsystems
representing a suitably (but arbitrarily) indexed section. Each section,
in turn, is further broken down and appropriately indexed, consistent

~ with a hardware breakdown into units and subunits. In short, the tabula-
tion evoives as an indentured listing (or indexing) of the inherent hierar-
chy of hardware items making up the spacecraft and its major subsystems.

For each specific item in fhe tabulation (in addition to its index),

its name or description, the applicable drawing or part number (or, in
some cases, the Mil specification number), the quantity required, and

a "Remarks" column are given.
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TECHNICAL ADVISEMENT MEMORANDUM NO. 7

To: Assistant OGO Project Ma.na.g_er, GSFC, NASA
From: PRC OGO Assessment Team
Subject: Parts Failure Rates-~OGO Second Reliability Assessment

1. Introduction

In PRC's first assessment of OGO reliability, a set of part
and component failure rates were employed which, for the most part,
differed considerably from those being used by STL. In genéral, STL's
failure rates were more optimistic (i.e., lower) than those used by
PRC, thus resulting in a higher figure for predicted system reliability.

The reasoning on which PRC based its failure-rate estimates is
discussed in the First Assessment.R_eport (PRC R-243). Subsequent to
this report, however, DRC has been directed by GSFC fo re-examine
the failure rates used, with a view toward reaching agreement {or agrag ..
ing fo disagrée) with STL on a common set of rates to be emplbyed in

future assessments. '

Study of additional data on which to_ base reasonable failure-rate- — — —

estimates has been accomplished by PRC. HoWevef, PRC believes that
across-the-table determinations with STL--leading to a commonly ac-

ceptable set of rates for all parts--are not practicable at this time.

- This belief is based on STL's position that failure rates are a subject

for corporate decision and are not determined on the project level. Ac-
cording to STL representatives, then, the only room for negotiation
would be in the "K factor" multipliers used to adjust data to the space
environment. This means that a prerequisite fér agreement would be
that PRC arrive at a set of failure rates which stand in approximately
the same relation to one another as do those in the set used by STL.
Unfortunately, PRC cannot agree with the relative standings of
failufe rates used by STL for many classes of the four most commonly
used types of parts in the OGO spacecraft: capa,citor's, resistors, di-

odes, and transistors.



PRC believes that across-the-table determinatibns cannot lead t(i)"
‘agreement on a set of aligninig "K factors" and that, in fact, this is not
in the best interests of the OGO program, but alternatively proposes
that GSFC and STL consider the failure rates contained in this memo.
Following study of the adjustments made in PRC's originally used rates,
and the reasons therefore, it is requested that STL comment on PRC's
revised estimates. It is further requested that GSFC then (1) approve
these rates for use in PRC's subsequent OGO reliability assessments,
(2) suggest additional data sources on which to base further adjustments,

or (3) redirect PRC to enter into across-the-table discussions with STL.

2. Area for Revision

It is clear that four types of parts dominate computations of
OGO reliability (as was previously mentioned, these are capacitors, re-
sistors, diodes, and transistors). Therefore, although PRC has contin-
- ued to study.'additionarl-fs.'ou‘reesoﬁ«f-ailufe -rate-data on-all ef-the parts-~ — ' -
originally assigned failure rates in PRC R-243, this TAM will concern
sélf'only with these [our iypes of parts. To this end, it has aiready
been decided (and reported to GSFC) that PRC will employ STL's failure

rates for structural ite:rns,1 -at least until such time as meaningful OGO

structural test data become availzble; For other items, PRC will con-
tinue to use its original rates, appropriately adjusted to include other

factors such as launch dynamics, etc., until other data are available .
that materially change the background against which the estimates orig-

inally were made. '

3. Philosophy on the Use of "Laboratory" Failure Rates

The failure rate (A) of a part can be broken down in a num-
ber of ways wherein A is considered to be the sum of a number of con-
tributing factors of a similar kind. For example, A can be considered
as the sum of the various modes of failure where the modes are the
ways in which basic physical and chemical capabilities of the part can

be exceeded in terms of geometric or material properties. Or, A may

1Reporte-d in PRC's progress report (OGO), dated 23 April 1962.
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be considered as the sum of various failure mechanisms (therbligs)l
where the mechanisms are th- failures of functional capabilities; i.e.,
shorts, drift, leaks, etc. The interrelationship of these Conéepts'is
obvioﬁs; however, di'screte definition of the failure rate by one or the
other is possible,

/. third approach, most useful in the present situation, considers
the failure rate to be a function of its application regime. In predicting
system reliability, PRC tal.es the stand that part failure data obtained
from "laboratory" reliability tes’cing2 should be considered separately:
from that obtained in field experience with operational equipments. To
this end, it will be recalled that the sources primarily employed by PRC
in estimating the failure rates used in PRC R-243 were of the field-data
variety (RCA's TR 54-416-1, Martin-Marietta's Reliability Analyses |
Guide, PRC's R-235). The belief that field experiegce is more va,lid._

(in spite of the fact that control is loose) for systems reliability predic-

-— --tions is based on the fact that this type of Wd_a;ta";.‘erf}_egt}s__;‘t_he. reliability of
parfs as applied in actual design and fabrication situati‘o:’w.é__. rathar than
the "ultimate" or "ideal" part reliabilities. __
' Actuall.y,» many authorities have recognized this problem and have
given attention to it. A most notable effort in this regard may be found. __ _

in work done by Paul H., Zorger of Martin-Marietta. Dr. Zorger has

concluded that over-all system reliability Pov is a product of three

parameters, viz,

Pov - Pd Pch
where Pg= reliability of the design parameters
—P£ = reliability of processes and assembly operations
P(; = reliability of the parts

lpailure Therblig Failure Rates, D. R. Earles and M. F. Eddins, Avco
Corporation.

2y Laboratory" parts reliability testing is defined here as any test pro-
gram where the reliability of parts is determined through testing of the
parts themselves rather than through observation of parts reliability in
operating equipments. Accelerated testing may or may not be employed.

e
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What Dr. Zorger infers here is that Pov is likely to be less than the
reliability indicated by combinatorial exercises involving reliability
numbers reflecting the capaibilities of the parts alone (Pc) .

Applying this concept at the part level and writing in terms of the

failure rate yields the following expression:
A= Xa + }\C

where A is the failure rate from the over-all part reliability obtained
from field testing data, Kc is the ideal rate obtained from part tests in
controlled laboratory conditions, and ‘Xa is the failure contribution due

to application factors associated uniquely with the design and fabrication

‘of the part into practical systems. Experimentally, ka can be deter-~

mined only as the difference between field and laboratory test data of ap-'

propriate consistency in conditions.

- -7 -Design practice and production quality control procedures are ob-

. 'viously aimed at minimizing ‘A while realizing other desion reanire-
; a 2 g 1

ments. However, the problems in establishing trends and values for

Xa are significant.

Consider first the design and production trends that might affect

ka’ particularly in the area of spacecraft electronic equipment. In the
past few years, especially in this area, the packing densities of equip-

ment designs have increased tremendously. At the same time, chassis -

“have given way to circuit cards, eliminating a heat sink which served to.

stabilize temperature excursions.,

To offset these problems in modern design, increased use of very

low-power digital logic circuits and marked reduction in the power dis-

sipation requirements of analog devices have reduced the amount of heat
which must be dissipated. However, modern spacecraft do have heat-
geheratiﬁg equipments (notably batteries) and it is unlikely that "hot
spots" can be entirely avoided. Certainly, modern circuitry has a
lesser capébility for enduring these "hot spot" situations if they exist.
Next, consider the inher'.ent manufacturing reliability of modern

equipments. Fabrication processes have also undergone a revolution
‘ 1%



"in recent years. Automatic circuit welding devices have supplanted
much of the soldering done in the past, and circuit potting has become
more widely used. These techniques have served to achieve gi‘ea;ter
uniformity and stability in equipments.

However, the parts which are being employed, although they have
‘become inherently more reliable in the "laboratory" sense, have be-
come very much smaller. The fear arises, therefore, that much of the
reliability built into the parts may be taken out of them in equipment
fabrication. Modern "miniature" resistors, capacitors, diodes, and
transistors obviously have very poor heat capacity, Therefore, weld-
ing'and potting temperature transients possibly could cause quite severe
internal stresses. '

To counter these effects, it must be recognized that quality con-
trol has improved in the past few years.

An estimate, then, in the trend of Xa would necessarily be arbi-
trary and qualitative, since quantitative data are not known to exist.

However, even if wa agesume that L. hne nnt rhanond andathat tha nbhaern T
However, even 1f we sume that A hioe nat changad ond.that the ahas

=5 |84 .- L
a T :

factors are in balance, we can examine the significance of considering

)‘a as an element of A in the light of increasing part "laboratory" re-

~~liabilities (decreasing—A Cf)».rr N R SR —

Let us assume-that over a period of time, say 10 years, )»a has
remained constant at 0.01/106 hours. This corresponds to an effect
factor of 0.916 in the reliability of a 1,000-part system for 1 year of op-
eration. In the same period we can estimate that the laboratory failure
rate XC has decreased an order of magnitude from, say, 0.15 to 0.015.
It is obvious that the effect of neglecting Xa when computing A and
anWing only XC results in an error that has increased from 6 percent
to 40 percent,

PRC will summarize this philosophical discussion, then, by point-
"ing out that the recent marked improvements in parts failure rates, as
observed under~"1aboratoi‘y” conditions, must result in improvement of
system reliability. However, thése same parts improvements make it
important to realize that f_ield-type failure data, reflecting actual expe-
rience with actual equipments, are much more realistic for predicting

system reliability than. "laboratory" parts failure experience.
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4, Failure-Rate Determination

It now becomes necessary to combine the best available data,
field or laboratory, with engineering judgment in order to evolve the
most ple,usible failure rate for each class of parts considered here, A
number of approaches are poseible..

One such approach has been suggested independently in MIL Hand-
book 217 and by a PRC investigator, In essence this approach involves
the use of _field data (), or laboratory data (XC) if no field data are
available, with a minimum or "floor" failure rate of 0.01/106 hours
where laboratory data indicate a lower value of )”c . As values of A
(pased on field data) lower than 0.01 become available, they would of
course be applied,

The final failure rates (recommended for the Second Assessment)

for the classes of equipment considered here are chosen by a variation

_ of the above approach--using the concept of the previously discussed re-. . _ .

lationship, A = )\a + ')Lc . The variation consists of using an estimated
~wvalue of A_ to combine with A when only the latier type of data me o
a c - .

"available. The nominal rate that PRC has assigned to )\a is 0.01/10
hours., This figure could be varied in either direction if speciﬁc appli-
zatlon is available and so 1nd1cates.

The reasonableness of the chosen value must be inferred from ex-
perience; for example, consider again the 1,000-part, l-year system,
A ka. of 0,01 contributes a factor to the reliability calculation of 0.916
which, in PRC's experience, seems appropriate. Experimental evi~'
dence contained in the data tabulated for this TAM indicates consider-
able scatter. From the best data group, that for capacitors, the aver-

age value obtained for }\a is 0.013.

5. Discussion of Additional Data Sources

.In the tabulations to be presented later in this paper, failure-
rate reference sources in addition to those employed in PRC's First As-
sessment are enumerated. Tabulations of data from sources leading to
the First Assessment estimates are not repeated, except in one instance
where a revised issue of one of these sources is included.
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failure rates (primarily of the "laboratory" type) used by STL
OGO reliability assessments are included because they repre-
sent information not available to PRC durihé the First Assessment.
Some general remarks are in order concerning the sources of gen-
eral data (data sources peculiar to one type of pa.irt will be discussed
when the tabulations are presented).. First, failure rates used by PRC
in the First Assessment have been discussed in PRC R-243 and, with
one exception, this source does not seem to require further discussion,
.That, exception is the data from Source No. -1 of PRC R- 243, These data
have s_ince been revised, updated, and reissued as MIL Hand_book 217.
In many cases a considerable improvement in failure rates has beenrec-
ognized; the final Second Assessment rates are considerably influenced
by these improvements, particularly where Source No. 1 was the pre~
dominating influence in establishing the rates for the First Assessment,

Next, several of STL's data sources have been studled, 1nclud1ng

their OGO reliability - assessment reports of 15 August 1961 and 29

J'anuarv 1962 as “7911 as. 1‘“]":‘1“‘1““"."" idies ’““'il:t;: L’f ’-.‘v‘&'C'Fl‘iIlClpal Y E—————

OGO subcontractors. ATL (Horizon Scanner) and RCA (Tape Recorder).
These latter studies are included as "STL sourcés" because the failure
w1th those used by STL.
Also, data from a paper given by an STL reliability authori_tyl are
included in the general category of STL data sources. Here itis inter-
- esting to note that, where this paper disagreeé with failure rates used
in STL's OGO reports, the OGO numbers are usually higher.

A third general data source included in the tabulations is a recent
report of Autonetics reliability improvement activities in connection
with the Minuteman prcgram.2 This report seems to be the best recent
source of "laboratory"-type failure-rate data because of the statistically

meaningful sample sizes and testing.durations'used. It appears that

1Morrlson, S. C., "Maximizing Reliability for One-Shot Space Missions,"
Paper No. 61-95- 1789, presented to a joint meeting of the IAS and ARS,
13-16 June 1961.

2Autonetics Report No. EM-2496-3, undated (but known to be very recent).
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gdod correlation of data for tests being conducted under accelerated con-
ditions has been realized, and that valid statistical inferences may be
made for the OGO application.

The test results reportéd by Autonetics are treated in two different
ways in PRC's tabulations. For those items which were not manufac-
tured under special Minuteman process controls (i.e., were manufac-
tured under conventional specifications) the most recent results are tab-
ulated. However, for those items being subjected to strict Minuteman

' reliability process controls, it should be realized that general procure-
ment is not yet possible. To account for this, PRC has made the as-
sumption that about 1-1/2 years will be required for the realization of
Minuteman-induced reliability improvementsv in parts procurable under
conventional specifications. In these instances, therefore, the observed
failure rates of like parts, notqmanufactured under Minuteman controls,
are used as indicators of the reliability that may be procured today. =~~~ -~~~

Another general source is data published in a recent issue of the

Deil Sysicius feciuical Journai.” Airthongh these data duplicate, te

some extent, a source already considered by both PRC and STL in ar-

riving at their original sets of failure rates (BTL's general failure rate

- document), the article fepre sevffts’ah"fu'.f)dfafiﬁgivv)ﬂﬁﬂgﬁﬁoil—la"B*e* taken into
account. However, the failure ratés quoted from this source are nomi-
nal for the various classes of parts, ané. there is no way of determining
a relationship of the stresses under which these data were obtained to
the OGO enviropment. As a result, the data can only be used as a gen-
eral guideline. ‘ |
Two other general sources are an article distributed by IBM2 and

a recent paper givenby representatives of the Space-General Corporatiron.3

ch_)ss, I. M., "Reliability of Components for Communications Satellites,"
Bell Systems Technical Journal, Volume XLI, No. 2, March 1962,

2Digita,llComputer Characteristics for Space Applications, IBM, Fed-
eral Systems Division, Report No. 59-504-1, 9 June 1959.

3Doshay, 1., and Shuken, H. L., Predicting Space Mission Success
Through Time-Stress Analysis, Space-General Corporation (presented -
at Seventh Military-Industry Missile and Space Reliability Symposium,
18-21 June 1962). o
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The IBM article makes general predictions of "ultimate" reliabilities
(circa 1970) of certain parts in the space environment, while the Space-
General paper reports on data obtained from airborne fire control equip-
ment. Both of these sources are "broad-brush' treatments and are suit-
able only as general trend guidelides.

Thus it is seen that, of the general sources considered, only MIL
Handbook 217, STL!'s OGO documents, and the Autonetics report consti-
tute additional sources of sufficiently "solid" data on which to base any

_revisions of PRC's parts failure rates. -

One general source which will not be shown in the tabulations is a
report on ARINC's>recent1y completed study of the observed’reliability
of some 15 spacec:raft.l Based on observed spacecraft perfofmance,
ARINC estimated reliability on an Active Element Group (AEG) basis,
and, when PRC's First Assessment failure rates are suitably combined
to predict AEG reliability, very close agreement with ARINC's esti-

mates is realized. These results have already been orally presented

: o
to STI: and GSFC and will not he repaated heve  Hewewver, they da cone . —

E=RE LAY 7 =

tribute in some measure to PRC's confidence in a conservative approach

to selection of failuré rates.,

T 6, T Additional Data and'Sele_’ctEdSé’c’éﬁd’KSﬁiﬁin)eﬁfF’afilﬁ'EREtVe s

In the tabulations now to be presented, the data sources are

coded as follows:

" Code Number _ Source
1 PRC R-243
2 STL OGO Reliability Report No. 1 (15 August 1961)
3 STL OGO Reliability Report. No. 2 (29 January 1962)
4 Autonetics Report No, EM-2496-3
5 Didinger, G. H., "On the Reliability of Solid Tanta-

lum Capacitors," Electronic Components Conference

Proceedingé, 1961

. lWillard, C.’F., Satellite Reliability Spectrum, ARINC Research Cor-
poration, Publication No. 173-5-280, 30 January 1962.
9




Code Number Source

6 "Capacitor Reliability Brochure," Corning Glass

Works, undated (but knoWh to be recent)
7 Morrison's paper presented to IAS/ARS

8 " Annual Report on Reliability, Silicon Transistors--

1960," Texas Instruments, Inc.

9 Article in March 1962 Bell Systems Technical Journal
10 IBM Report No. 59-504-1
11 Doshay/Shuken paper (see footnote 3 on page 8)
12 MIL Handbook 217

a. ' Capacitors

Exhibit 1 summarizes failure rates gleaned from lO

‘sources avallable to PRC. For glass capac1tors, a spe01a1 data source

-~ 1 L—--*'l-: NP Dl s Z P .
; an, A\ \xr.:c 9‘7311?1"1° 4‘1“‘”’;"“ =z "-.:..v;w"v.\.] "—v}yu’uu r(,k, vvx.u.\.‘xx \.,.I.UQC.I.V .

agreed with STL's figure. The Autonetics data, however, showed an

even more conservative result that PRC's original estimates. Hence,

— PRC has chosen to remain-with-its original-failure rate estimate for this—

part.

In the case of paper capacitors, Autonetics data indicate a "labora-
tory" failure rate twice that of the field-type data in MIL Handbook 217
and only about 50 percent lower than PRC's original estimate. However,

for consistency, PRC will use the field figure.
b. Resistors

Failure-rate data for resistors are summarized in

Exhibit 2, where eight different sources are quoted.

C. Transistors

Failure data on transistors (10 sources) are given in
Exhibit 3. |
d. Diodes

Exhibit 4 summarizes failure-rate information ondiodes.

10



V/N

60°0
80°0
10°0
10°0
10°0
10°0
$10°0
10°0

0%°0

Teur g
U WIS SOSSY

puooeg

,
|
A I |
*JUSWIUOITAUS TGN 09 uwmnumﬁm petuBW w01y 93eIsp 03 01 Aq pepranT (¢)
|
i

[}

.ﬂkﬁosm s3zed Jo sseld 103 TeutrwoN (z)

|

*92UIPIFUOD Jusoaad om,w,:?.‘_nop 99s8) 1961 Laenuep .mo Se 93e1 sanfred (1) :s9j0N.

- - - - - SuIDl1sAs
T0IJu0d 2117 suIOqaTE

J,
B
{
w
| WOIF SSBID pouryepun

|
|
|
|
|
600 - - - - i- . 800 | - 80°0  0°T 1107 ‘umreue],
80°0 - - - - N%oo.ﬂ. - 1%0%0 %0°0 - oS ‘umrjue],
100 - - €000 - m- 20°0 €000 £00°0 60°0 zadeg
1000 - - - - - o €00°0  €00°0 10°0 popIow 2oy
00 - s000 - - - T €000 - 200 T 20 uomng ‘eoy
1000 - - - €00°0 m- S0°0 %000 - 10% ss®ID
s10°0 - - - - - .ﬂ- - §1°0 °IqerITA ‘OTtrRIag
L I - - 300°0 900 poxI ‘orures)
0%°0 - - - - wu - w - - 2°T o14101309T0 ‘wmutwmiy
| |
S R R A A 5
851Inog W
|
i
|

SYNCH g01 mm,,,m SEYNTIVA--SYOLIOVAVD - [ LIGIHXT
) | .
|
|

11



V/N

22°0
L0°0
€0°1
80°1
€2°0
500

10°0

TRUTd
JUSUIS S9SSY
puoossg

*JUBWIUOITAUS HSD O 3JRIDIle POUUBUI WIOI] o3eIdp 01 0T £q popraid ()

‘umoys sjaed yo ssBID 107 TeutwoN (7)

*90uapryu0Od jusadaad (9-- (303 99s) 1961 Axenuel yo se ojex sanfred (1) :S9ION

3
!
!
|
i

- w0 - - - - - -
B
2z - - - §100 - %50°0 80T
€01 - - 500 w - PR0°0  8E°T
801 - - - - - 80" 1
€2°0 - §00°0 -  20°0 800°0  800°0  LE'0
- - - - - - 8£0°0 -
1000 - - S00'0 - 8100 810°0 LI
2T (Il (6 oL slvw. € Z T
50anog

| SYOOH

swoj3shs

1O IJUOD 91T SUIOQITE
WOy SSBID PoOuUIIapuf
pPox1y ‘xamod ‘pUNOMOITM

-9TqRII'A ‘PUNOMIITM

POXI] ‘91BaANDO® ‘PUNOMIITM

poxiy ‘axomod ‘wirig

pPox1y ‘Teusts ‘wild
oTqeraea ‘uorjisoduwro)

pox1y ‘uorjrsoduao)

- SSBeD

01 ¥ J STUNTIV.I--SHOLSISHY - 7 LIGIHXH

12



V/N

80°0
€2 o
2¢°0
0€°0

0€°0

Teurg
JUSWISSOSSY
puoseg

N
I

"*20U8PIFUOD Jueoaed 09--(3:03 99s8) ﬁﬂowﬁ Axenuef yo se 9jex sanyred ()
“JUSWIUOITAUD HSH 0} }JRIDITR voﬂd.m& woxy 93easp 01 01 Aq peprard ()

*uorgeotyiide oodmmmﬂﬁ (0L61) @rewariIn J0 @3rWIIISH ANV,
,_ .ﬂB,,osm sjaed Jo ss®Id 107 ﬂ\mﬂﬂﬁo,z (1) :ssjoN

|
/
!
i
i
|
4

|

- L'z - - - - - - - - swalshs
! o TOX3UO0D SIT] SUIOQIIE
.. WIOJIJ SSBID POUIIopUN)
- - - - - Aql.ho.o ﬁ - - - zomod ‘wmriuewrrson
- - - - - - ,.ENN.O B - - Tomod ‘uodITIS .
- - - - - - 1¢°0 . - . - Iomod wnipawr ‘uUodITIS
oe'o0 - 1°0 - 0% 90°0 vamo.o. €51°0 ¢ST°0 9%°0 Teults ‘uosIyIg
0e¢’0  -- - 10°0 - L Aw.vﬁm.o o= 812°0 4%°0 Teusdts ‘wmruewr s
71 . ) L = 3 7 T 'S§
(A Amv: Amvoﬂ A.:o ) 8 L 14 , € 4 1 . ®ID
. 90anog

mMDO”TH ooﬁ Mﬂm.mNMD‘HH@.m:anO_HmHmZ&xMB - ¢ LI9IHXY

: .
v
i

i
1

13



V/N

€1°0
€0°0
1070
¥0°0
92°0
SI1°0

G1°0

Teurdq
IS WIS SOSSY

puooas

i

*JUSWUOITAUD HSD oﬁuw.mno.ﬂ.m psuurw wWoJIy 93I9P 03 O 49 popratd (g)

!
i
i
!
1
i
|

.ﬂ%o&w sjaed yJo sseld o3y feutwoN (7)

*aouepryuod jusdxad Aixtg (1) :iso3joN

- S1°0 - - - - - -
- - - - 21D - - -
- =i - §20%) - - -
- - - - 600" - - -
- - - - £0°0 - - -
- - - - SZ'0 €L0°0 - -

S0 - - €10°0  10°D  1S0°0  T1S0°0  S€°0

S1°0 - 10 - . 100 - €L0°0 ~ §€°0
W Il 6 L (1" T F T

. . 22an0g

- S¥9NOH

9

sur9]sAs

10.%°102 9a1f 2uIOoqJatTe
woaj SSBID PIUTIAPUN
(v 002) 2omod y31H

(v 02) somog

(v wgQg) zomod wmtpay

Tomod mog .@omdngmaﬁsoﬂ
_{eousxsjsa) acusz .ﬂ.ooﬂ..mm
Teudts ‘uodoIIs

Teudts ‘wnrurwWIaD

ss®e[D

01 ¥3d SHYNTIVA--SHQOIQ - ¥ LIJIHXH

14



o

TECHNICAL ADVISEMENT MEMORANDUM NO. 10

- ——————

OGO SPACRCRAET.

) PARTS COMPLEMENT



TABLE OF CONTENTS

1. INErodUCLION v v v v o v o 6 o vt o o s b b e e e
2., Description of OGO Parts Complement Tabulation ...

a. Communications and Data Handling (CDH)
Subsystem . ..o i i i e e e

b. Attitude Control and Stabilization (ACS)

Subsystem...... .....
c. Power Supply (PS) Subsystem ..... e e e
d. Thermal Control Subsystem .. vt e v v v 00 v v
“e. Structure Subsystem . . .0 v e e e e e
""" “3. Parts QUANETTTLTTT I LTI e T
Refeience;s’" e et e e e e e e e e e AR

Appendix I: OGO Parts Complement . ... ..o




TECHNICAL ADVISEMENT MEMORANDUM NO. 10

To: Assistant OGO Project Manager, GSFC, NASA
From: PRC OGO Assessment Team
Subject: OGO Spacecraft Parts Complement

1, Introduction

An indispensible input to the assessment of OGO spacecraft

.system and subsystem reliability is a delineation of the cémponentparts

comprising the spacecraft and its major subsystems. For the prelimi-
nary assessment of OGO reliability, the parts complement used by PRC
Was based on information gleaned from a variety of sources; e.g., pre-
liminary drawings and schematics, discussions with STL engineers, wire

tab runs, etc. This gross identification of the parts complement was suf-

sessment and following third assessment demand a more complete and
accurate parts complement tabulation. ‘

The primaxry purpose, then, of this memorandum is to document

the OGO parts complement underlying PRC's second OGO reliability as-

sessment. The information given herein includes; in addition to the
parts count for each of the major subsystems, a definition of the parts

according to military or STL specifications and other available informa-

. tion which separates them from similar parts which may be different

from a reliability viewpoint. For the reader's convenience,1 the parts
tabulation is presented in Appendix I. Background information on the
tabulation is given in section 2 below. It is important to note that in
order to attain a high order of accuracy in the tabulation for the second
assessment, thereby facilitating the continuation of this level ofaccuracy
in subseéluent assessments with a minimum of effort, all2 parts counts
given in Appendix I wer.e derived from fhe most recently released draw-

ings currently available to PRC. Section 2 discusses and identifies,

1It is anticipated that the tabulation will also be used for non-reliability
purposes by various GSFC personnel.

’With a few exceptions as noted in Appendix I.

1

: fic'ient'for-"the"preliminary-asserssment‘;"however,. -the current-second as=--— - -



for each major subsystem, th_e deficiencies in the tabulations given in -
Appendix I. o

Section 3 of this memorandum briefly discusses another important
aspect of the reliability assessments, namély, parts quality. This as-
pect is very pertinenf in that the final assigned failure rate for each
part is dependent on the inherent quality of the part as well as on its
classification (e.g., via Appendix I) and its expected use environment.
The enviro:r_lmental, electrical, and mechanical stresses have been
fairly well defined in the second assessment, but the parts quality level
has, in the main, been assumed. The purpose of section 3, therefore,
_is to set forth the assumptions made regarding parts quality and cite the
basis (e.g., STL documents) for these assumptioﬁs. It is anticipated
.t'hat' the generalized assessment of parts quality presented in section 2
will be superseded by a more detailed parts quality assessment to be
. .conducted by PRC during the.third OGO reliability assessment..

2. Description of OGO Parts Complement Tabulation

The parts complement tabulation given in Appendix I is
based on the OGO Spacecraft System Tree shown in Exhibit 1.
elements of each column are the subsystem units. The units, in turn,
are 'composed of parts; these parts are tabulated in Appendix I. In
some instances subunits can be separately identified, and this has been
done wherever possible. ' _

This breakdown is a composite of numerous breakdowns listed by
STL. A completely authoritative and current listing of subsystems,
etc., has not yet been received by PRC. Thus somewhat arbitraryclas-
sifications are used. As rﬁéntioned abbve, the complement list will be
revised as more complete information becomes available.

A particular subsystem analysis may or niay not include allitems
listed for the subsystem in Exhibit 1. FEach analysis will, of course,
indicate which of the items are considered in that assessment and,
where current information on a unit is unavailable, an estimate of

the parts breakdown will be made,

- The columns of the tree are identified with subsystems, and the
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Information not available at this time consists, typically, ofdraw-
ings not released, information not received from sub'contractors, and
information needed to request specific documentafion. This unavailable
information is generally in the interface area and rnucrh_of it is currently
being forwarded. The major items have been covered quite well, par-
ticularly in the CDH and ACS Subsystems. It is estifnated' that Appen-
dix I lists between 90 and 95 percent of the pa.rts1 included in the OGO
vehicle. Deficiencies in the listings and appropriate comments for each

of the major subsystems follow.

a. . Communications and Data Handling (CDH) Subsystem

~ Although this is by far the most complicated subsys-
‘tem, it also appears to be the most completely documented at the pres-
ent time. The over-all CDH Subsystem is covered by Drawing X200393.

This block diagram is the basis for the first breakdown under the sub-

_system level. From this level, top assembly drawings exist for each

item; these make it possible to carry the analysis to the part level. At
the present time the fop assembiy drawings, or reasonable substitutes,
are not available for the Diplexers and Couplers or the Spacecraft Per-

formance Sensors., In addition, a few lower level drawings for the

‘Digital Decoder, Low-Frequency Timing Assembly, and Digital Data ~ -

Handling Assembly have not yet been acquired. (The Converters have
been included in the Power Supply Subsystem.) However, even allow-
ing for the units for which no information is available, the parts tabu- °

lation for this subsystem is estimated to be 95 percent complete.

b.  Attitude Control and Stabilization (ACS) Subsystem

An up-to-date definition ofr the major units comprising
the ACS Subsystem has not yet been discovered. The units shown in
Exhibit 1 and Appendix I were derived for a number of sour’ces and are
subject to change. FEach unit, however, is covered by a top assembly
drawing, with the éxception of the Reaction Wheels. One lower level

drawing is missing for the Sun Sensor and L.ogic Assembly. Assuming

1Excluding only such nonmoving parts as bolts, nuts, frames, etc.

4



that each unit is accounted for and well defined, the parts complement

for this subsystem is approximately 95 percent complete.

for

c. Power Supply (PS) Subsystem

This subsystem, in particular, lacks éomplete assem-
bly drawing definition. There are indications that power supply andinte-~-
gration are separate sﬁbsystems. A completely definitive interface has
not yet been received by PRC; hence, power integration has been included

. asg a unit of this subassembly. In addition, because of the recent rela-
tively méjor redesign of this subsystem, it has the largest proportion of
nonreleased drawings. Due pri’rriarily to a lack of converter drawings
(which have also been placed, somewhat arbitrarily, in this subsystem)
and junction box drawings, it is estimated that the parts complément is

only 50-75 percent complete.

d. . Thermal Control Subsystem e

The. parts that are listed for this subsystem have been

S8C36=~

)

fesiricied generaliy to those parts considered in the subsystem
ments. Although this is true to some extent for all subsystems, it is

more noticeable in this section because of the smaller number‘ of such

 parts. Theﬂﬁoiz:lly partsiliste'di’;i'e those which make upw'the lower assembly.
The thermal control for the basic box structure comprises justfive strips
of Mylé.r and the method of construction; hence no detailed breakdown of
the subsystem is _given-. The solar _afrray thermal control is achieved by
the use of black paint and :judicious design, and, hence, no detailedparts
breakdown is given. The external pacicage thermal control is known to
consist of thermostatically controlled heating elements in addition to
Mylar. strips and thermal design, but no drawings on this section are
presently available., The Thermal Control Subsystem parts complement

is approximately 90 percent complete.

e.  Structure Subsystem

The only items in this subsystem that have been de-
tailed are the Folding Devices and Interstage and Separation unit. The

remaining items have not been broken down, since they consist only



of nonmoving parts such as bolts, nuts, frames, etc. The two items
mentioned have been detailed only to the extent necessary to include
the moving or electronic parts. The parts listing for this subsystem

is 90-95 percent complete. .

3. ‘Parts Quality

In the effort, for second assessment purposes, to arrive at

the inherent quality of the electronic piece parts used in the OGO
~vehicle, Reference 1 was used as the primary source of information.
It must be emphasized that this section makes no attempt to assess
pai'ts reliabilities conditioned by the actual use of the parts, butrather
to indicate the quality--and hence réliability--of OGO parts as they are
- observed independent of application. The reliability of the parts as
they are applied in a particular subsystem is discussed in the assess-
ment of that subsystem. | ‘

The factors that affect the nonapplied reliability of parts can be - e
div1ded into two areas: (1) purchaser's specifications and (2) vendor's
compliance. This division makes it ciear thai ihe inhereni qualiity of

.a pari is determined by how well the part corresponds to its specifica-

tion. Writing specifications is the user's responsibility, whereas

complying with the specification is the responsibility of the vendor.
One method of assuring adeqiiate specifications and vendor com-
pliance is the QPL system. Under this system a vendor qualifies
his part to an apphcable m111tary specﬁlcation under government
"supervision, and the user adjusts his design to utilize parts delineated
by that specification. The advantages of this system are clear: the .
vendor produces a standard item; the engineer has an adequate specifi-
. cation. Moreover, the QPL' system has a history of satisfactory re-
sults when consistently applied. A large majority of the resistors and
capacitors used on OGO, as well as a sizable portion of the remaining
pé.ljts suchas diodes and transistors, are purchased via the QPL system.
The main deficiency in the QPL system is its failure to keep pace
with the state-of-the-art in gegard‘to part performance and, in some

cases, reliability itself, ' Many of the OGO non-QPL parts are minor



variations of QPL items spch as sizé,' | performance, and reliability.
These items exhibit the-same or better reliability levels than their
"QPL counterparts. Where no QPL items exist or impfovements on
QPIL items have been made, the parts have an STL specification pre-
pared with vendor commitment required prior to purchase.

The preceding discussion has been concerned primarily with pro-
curement practices when given an adequate specification. Other
factors to bé considered are the adequacy of the specification and proof .
of compliance. The latter is generally a part of the specification itself,
Reviewing the adequacy of specifications ié beyond the scope of this
assessment; however, a typical high-population item was briefly
checked, °

The PT4-7 (.STL specificaticn) resistor, a non-QPL item, is a

metal fllm re51stor avallable from three excellent sources. Its tem-

perature range is from -55°C to 165°C. Stability is 25 parts/million/°C; -~ -~

ilure rate record: 17 .

1=+

and meial film resistors have an excellent

to 58 failures per billion hours, as compared to carbon-deposited types -

with a failure rate of 110 to 570 failures per billion hours. Fully com-

parable results are obtained ‘\;/henﬁtihéwdiDL items are checked.

In summary, the parts used appear to be qualitatively the best

obtainable consistent with over-all program goals.
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APPENDIX I

o

OGO PARTS COMPLEMENT

The parts tabulation which follows is grouped first by major sub-
system, each subsystem comprising a section indexed as indicated
below:

Communications and Data Handling Subsystem  Section 1.0

Attitude Control and Stabilization Subsystem  Section 2.0
Power Supply Subsystem ‘ Section 3.0
Thermal Control Subsystem Section 4.0
Structure Subsystem Section 5.0

To facilitate the location of a specific item, these sections are

___preceded by a unit index which lists each primary unit together with its

~ associated assembly drawing number, data 1igt (DL) number, or speci-
fication (D) number. Where no drawing, DL, or D number 1s given,; the

reason for its absence is in the "Remarks" column. The unit index con--

tains a column showing the status of the collection of drawings or other

documents necessary for the identification of a parts complement. The
~ percentage figure heading the status column for each subsystem indicates

the proportion of documentation on hand from which a pa;rts breakdown

can be made. The notatioﬁ "Need " in the status column specifies
the numbérl of dra.wihgs; including lower level drawings, required to
complete the documentation of a particular unit. An entry of "0%"
shows a complete lack of documentation on a particular unit. It should
be noted that status estimates are based on available knowledge of the
requiremer;ts for drawings, etc., and cannot reflect an accurate esti-
mate if PRC is unaware of the existence of certain documents. :
Next, in the sectional tabulations for each subsystem, the individ-
ual units are broken down, where suitable, into subunits, and these are
indexed with decimal extensions of the unit number. Thus the Command
Receiver is listed as unit 1.6 and the R.F. Board as subunit 1.6.1,

Where this kind of unit portioning has been done, it is noted in the column



~assemblies, = T 7T -

headed "Remarks." The name of each part is given along with the appli-
cable drawing or part number and, in some instances, a Mil specifica-
tion number. The requiréd quantity is shrown, with the notation "AR"
indicating "as reqﬁired" for parts which are not readily measured. At
least one page of the Appendix is allotted to each unit, and it is intended
that revisions, additions, and deletions can be handled by a page substi-
tution scheme. This accounts for the presence of some pages Which are
currently blank except for the unit title. The appearance of the letter
"N" opposite a parts entry means that the drawing or part number has
been identified, but that the drawing must be obtained to ascertain the
basic parts complement. Assemblies which are otherwise electronié in
their makeup sometimes include nonelectronic parts, These are gener-
ally identified through the use of the word "Mechanical" opposite the

parts entry. This is not done, of course, for structural or mechanical

10
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III. SUBSYSTEM ASSESSMENTS

This section consists of the second a.ss;essment TAM's for each
of the five major spacecraft subsystems. " Their order of appearance
follows that of the preliminary ésse_ssment; TAM No. 9, "Communica-
tions and Data Handling Subsystem!; TAM No. 12, "Attitude Control
and Stabilization Subsystem"; TAM No. 11, "Power Supply Subsystem";
TAM No. 8, "Thermal Control Subsystem'"; and TAM No. 6, "Structure
Subsystem," ' |
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1.IST OF ABBREVIATIONS

A Antenna

a-m | arﬁplitﬁde modulated

CDH. Communications and Data Handling

CDhUu Command Distribution Unit

CE Command Equipment

Cill, 2 Command Receiver 1, 2

D Dual Diplexer—Coupler.

DD1, 2 Digital Decoder 1, 2

DDHA Digital Data Handling Assembly
DR .. . . Driver e
JFE o  FledbleFormat

F-F | | Flip-Flop

FSK Frequency-Shift Keying

G»CH B,C,D,E Gati.ng Chan.nel B, C, D E

I Inverter

(?S One-Shot

PR Power Regulator

r-f radio frequency

S1, 2 Squelch 1,2

SpP Special Programmer

SR Shift Register

TC Tuned Circuit

TD Tone Decoder

TRCHA,B,C,DE Trigger Channel A, B, C, D, E



TECHNICAL ADVISEMENT MEMORANDUM NO. 9

For

To: Assistant OGO Project Manager, GSFC, NASA
From: PRC OGO Assessment Team '
Subject: Second Reliability Assessment for the OGO Communications

and Data Handling Subsystem

1. Introduction

a. General

‘When the extent of the second assessment was planned,
it was decided that the Commdnications and Data Haﬁdling (CDH) Sub-~
system would not be fully reassessed. This decision was based on the
fact that the CDH is the most ({omplex subsystem and, in addition, the
preliminary CDH assessment was actually treated to the depthofa---~-~-----.-

second assessment in some areas. Accordingly, it was expected that

" thc scoond assessient TepGit tur e CUH Subsystem would consist of
“TAM No. 2 (which treats the Main Commutator Matrix in detail) and the
two PRC letters to Messrs. Purcell and Ragland of GSFC--dated 16
July 1962 and 24 July 1962, respectively--~together with a slightly re-
vised preliminary assessment (i. e:, updated wherever possible without
extensive effort). However, because of the delays in receiving informa-
tion on many o{‘the subsystems, the second assessment schedule slipped
adccordingly, and the second assessn.)ent plans in the CDH afea were ‘
necessarily revised. Specifically, since the Command Equipment (CE)
had not received as much attention in the preliminary assessment as
other portions of the CDH Subsystem, and because of its position in
Priority Groupl as Task No. 1, as outlinéd in the 21 March 1962 prog-
ress report, it was decided tha_t this equipment should continue to re-
cei'v'e first priority in the second assessment report.

U'nfortuna‘tely-, study of this equipment quickly revealed that a rea- -
sonably complete second asse§sment'cou1d not be completed within the'

time and funds allotted. This is due primarily to the fact that the major



siﬁlplifying assumptions made in the first assessment cannot all be
justified at this time (considering the greater volume of information now
available) in the develop'rnent.t of the CE m(')d.el. Furthermore, justifica-
tion of a set of assumpitions, as well as value. functions, has been com-
plicated by incomplete mission profile information (see section 4).
Therefore, it was decided that {or the purposes of the second
assessment report the study would consist of (1) becoming completely
familiar with the CE in terms of its functions and how they are imple-
mented, hardware-wise, (2) identif;ying those areas within the equipment
most affected By incomplete mission profile information, and (3) updating
the CDH model w.here possible baseci on (1) and (2). Since the third
assessment is scheduled to follow the second immediateiy, it was felt
that there would be no delay in beginning the detailed analysis of the CE

as a first task in the third assessient.

b.. Value Functions

PR % Py S o

Traom Boferenecs 1 34

SRR ETIISETSTC

‘analyses are based on integration of the probabilities of particular equip-
ment states with the values of those particular states to the mission. The
tasks of assigning these values vary from the obvious and strraightforward
to the obscure and complex. Nevertheless, all value assignments must be
made on the basis of knowledge of the Sver-all system and mission re-
gquirements. If knowledge of the system and mission is incomplete or
‘incorrect for any reason, assumptions must be made the final accurécy
of which is grossly dependent upon the total amount of information
available. Communication from NASA is hereby solicited regarding the
areas identified in section 4, for the purpose of contributing further
systerh and mission knowledge which will result in more realistic assump-

tions and value assignments.

2. Subsystem Description

. For a description of the CDH Subsystem the reader is directed
to Reference 1, pages 26 through 32. A detailed description of the CE

follows in the next section.



3. Command Equipment Description

Before undertaking a description of the CE it is nec-
essary to make a few remarks regarding the %unctional block diagrams
included in this section. The information for developing the diagrams
came from References 2 through 23, supplemented by verbal information
obtained by asking specific questions. Abbreviations here, as well as
elsewhere in this memorandum, can be interpreted from the List of
Abbreviations on page ii,

| The functional block diagrams represent the system to the same
extent as do the referenée drawings. That is, only one drawing rep-
resents the entire system,; the remainder represent only one piece of
equipment each, even though this may be a redundant piece. Through-
out the diagrams the individual blocks are titled in essentially the same
manner as on the reference schematics. The written description of the
'system uses the same terminology unless further clarity is required. -~ -. ...

The level of diagramming and the use of arrowheads is intention-

*“:aﬂ Yy {ICOsi5ent. i gelieral it was not TieCessaly 10 poriray Lie detaiied =
logic on the functional block diagrams, but such details were shown
where they were significant with respect to the over-all analysis. Thus,
some AND gates are shown in the normal logic-al symbology while others
are shown only as blocks. Arrowl;eads are -not used except for analog
signals, high-lévél "clock"-type signalns (to separate them from the low-
level "logic"-type signals), and othfe'r significant signals such as counter
M"Augment" and "Reset" 'sighals. Dashed signal lines repres‘ent signif.i—

cant control signals.
a. General

The CE is configured and connected together as shown
in Exhibit 1. It is composed of the following:
1 Antenna (A) |
1 Dual Diplexer-Coupler (D)
2 Command Receivers (CR)

2 Digital Command Decoders (DD)



.%
i
| 7

WVEDVIQ XD0TE TVNOILONAT A

NINJINCT ANVAINOD - T LIGTHXT

e

t---

nao

)
g 3 ; ud
I s i
zaa -llllf 8z . uo e A §7
: .
§
¥
, |
2YHAQ .
i
|
i
AT A ,
T f€ H
H !
1] - aa | SI9NTLFURI]
< : Sunyreay
r ! o woa g
| : 79D
1 fe . —.l -
i T
[ azl q
2 |
, L |
! 182
w J
13 ! :
1 "
! raa !
2 H
1 '
a1 2 1 *
1
- .,
!
|
I
h
f I v i
1
I\L 1
1VHAG !
!
i
]
i
¥d dd ¥d
pbmeme 4 g7 A 87 {— 4 g7
1ac al 4D




-1 Tone Command Decoder (TD)

1 Command Distribution Unit {(CDU)

5 Power Regulators (PR)
All ground-to-space command communications are made via the CE,
being transmitted on a nominal 120-mc carrier frequency. "Upon re-
ceipt of a command signal the command equipment interprets the sig-

nal and issues appropriate control signals to other portions of the CDH

~Subsystem and to the other subsystems.. .. Since other subsystems re-

quire commands for various alternate modes of operation, the CE (in

actuality) belongs to, and is an integral part of, every other subsystem

- as well as this one."

Specific commands are transmitted as amplitude modulated (a-m)
signals in one of two possible ways, designated as (1) tone commands

or (2) digital commands. The received r-f energy from one antenna in

A paSSES'»th'r;ju“’gh"éﬁé/ﬂ"i'pl"é‘j'{é’i‘ ‘i D"to one CR:” Fach CR-operates con= =~ ~— = -~

_tinuously, and an independent output goes to €ach decoder.from each CR.

I'ne CR outputisr anaudio subcarrier (tone). This audio subcarrier with a tone

commandmeant for the TDis amplitude modulated by a sine wave only. With

a digital commandmeant for the DD's, the audio subcarrier is frequency mod-

ulated by a digital pulsetrainusinga frequency-shiftkeying (FSK) technique,
in addition to being amplitude modulated by a sine wave..

Whenever the nominal 120-mc signal is not being received by the
CR's, and (thus) there is no audio subcarriér output from the CR's to the
decoders, the DD is kept in a squelched condition and the TD in an un-
squelched condition. When a digital command is being received, the
amplifude modulated portion of the CR audio subcarrier is used as a
sync signal and a DD squelch removing signal; thé.t is, detection of the
sync signal disables the DD squelch circuits. The frequency modulated
portion of the audio subcarrier, among other uses, serves to put the TD

in a squelched state. When a tone command is being received, there is

I . P '
Quotation marks identify direct quotations from Reference 1.



no sync signal of the proper frequency and, therefo‘re, the DD remains
squelched while the TD handles the command. .

' The command information in a ground-to-space transmission can
have one of three final destinations: (1) the CDU Relay Matrix, (2)

the Digital Data Handling Assemblies (DDHA), or (3) the Special Pro-
grammer (SP). Those commands with a Matrix destination can perform
a maximum of 254 different functions. Those with a DDHA destination

are used when the CDH is operating in the Flexible Format (FF) mode

to determine which of several different experiment sampling sequences

is used. The SP is not considered in the subject study. As a function of

the command destination, then, a command can be identified as (1) a Ma-

trix Command, (2) an FF Command, or (3) an SP Command.

Whereas digital commands can have any of the three destinations
stated in the preceding paragraph, tone commands can only be Matrix
Commands with a restricted capability to perforn_l a maximum of 12 of
the 254 difféFent functions. "As presently configured, only 11 are used =~

£

- _and 1 spare is provided. _ . _ L o o o

b. Antenna and Dual Diplexer-Coupler

For the purpose of receiving commands, as opposed to
transmif:ting tracking signals, one antenna and' diplexer can be function-
ally diagrammed as shown in Exhibit 2. The command transmissions

are received by two electrically (but not physically) independent antennas.

. The output from one antenna goes to half of the dual diplexer. The out-

put from each half of the dual diplexer goes to only one CR.

C. Command Receiver

Exhibit 3 provides a functional block diagram of a CR.
It can be seen that the basic receiver is a double-conversion a-m re-
ceiver. The Signal Present circuit acts as a logical AND; that is, if
the Failure Detector detects the presence of the r-f carrier, modulated
or not, at-the input to the receiver, and the Audio Detector detects the
presence of audio (implying modulation), then the Signal Present cir-
cuit does not disable the Audio Amplifier and does not boost the redun-

dant CR output. Any other combination of indications from the Failure

6



EXHIBIT 2 - ANTENNA AND DUAL DIPLEXER FUNCTIONAL'B.LOCK
DIAGRAM (ONE DIPOLE)

7
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Detector and Audio Detector will cause the Signal Present circuit to
sqﬁelch the Audio Amplifie'rs and boost the redundant receiver. It can be
seen from the diagram and from this desci"iiation that the output level of
an unsquelched Audio Amplifier is a function of the boost signal from the

redundant receiver.

d. Tone Decoder

The functional block diagram of the TD is shown in Ex-
hibit 4. At the inputs of the TD are the audio subcarrier outputs from

' CRI! and CR2. A Driver (DR) circuit is used to drive the Tuned Cir-
‘cuits (TC's), each of which is tuned to a different frequency. The top
five TC's shown in the diagram are tuned respectively to the frequencies
assigned to the transmission of tone commands., Of the bottom two TC's,
one is tuned to the "mark" frequency and the other is tuned to the "space"

f.requency associated with the fr'equertlcy—shift keyed digital pulse train

(see subsection 3.a).” If the cufput of the CR's contains either the mark =~ 7

or sPaCe frequencies, the indication that a‘’digital rather than 2 tone
cominand is Eeing transmitted, suéh frequencies are detected'by one
or the other of the squelch circuits (Sl or S2). The activated squelch
circuit generates a signal which inhibits the selection of any of the
TD relays. _

The execution of a particular TD command (i.e., the operation
of a TD felay) requires a reception of the selected tones in a ceftain :
sequence. Tone A must always be received first; otherwise, activation
of the decoder Flip-Flops (F-F) by any of the remaining tones will be’
inhibited. Assume that relay K1 is to be energized. This demands
that tones A, B, and C be received in ordered sequence, and that no
squelch signal be present. Tone A, operating tﬁrough Trigger
Channel A (TR CH A), generates a pulse with the One-Shot (OS) circuit
which is inverted by the Inverter (I). The pulse exists for a preset
period in the astable state, during which it enables the AND gates
associated with the other four channel F-F Set inputs. Du'ring the

preset period, reception of tone B sets the bistable F-F associated
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with channel B. The F-F output, AB, together with the absence of a
_squ.elch signal, enables the three AND gates associated with relays KI,
K2, and K3. The selection of Kl is finally made when tone C is detected.
Such detection must occur before the OS has returned to its stable state.
Note that the recéption of tone C, in addition to energizing relay
K1, also sets the F-F with output AC. This has no effect, however,
because no other tones (including B) are present, and the necessary
third term for any of the relay gates remains false. With the end of the
~preset period the One-Shot returns to its stable state, resetting all F-F's

and readying the TD for the next tone command.

e. -Digital Decoder
(1) - General

For ease of discussion, the DD has been function-
ally described on several diagrams (see Exhibits 5 through 11). Such

diagramming allows a more straightforward analysis, resultingina ="~

better understanding of the operationvof the equipment and thereby a

- CETS D e
better undcrstanding of the possible pro itered,

Dependlng on the par tlcular type of digital command (Matrix, FF,

(I)

shlems to be encoun

or SP), the general composition of the DD inputs will differ. The descrip-
tions that follow are based on such a type breakdown and do not discuss
the detailed logic, but are more concerned with the Afunctiolnal aspects

“of the system.

{2) . Matrix Command

A Matrix Command requirés a 34-bit transmis-
sion. The first 24 bits contain digital data while the last 10 are used |
only for establishing timing pei'iods. The first four bits are referred to
as the Synchronization Word, the first bit of which is always a "1." The
following three bits of the Synchronization Word are referred to as the
Decoder Address bits. These three bits determine which of the two
DD's will transfer data to the CDU. The bits can have any configuration
except that they cannot all be "0's." (See Exhibit 8.)

The next two bits (fifth and sixth) are referred to as the Internal
Address, and indicate which type of comménd is to follow. These two

bits will always be "0's" for .a Matrix Command. (See Exhibit 8.)
11
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The next eight bits are the complements of the binary command
‘which it is desired to executé by means of the CDU. The last 10 data
bits are the complements of the preceding 10 bits, meaning that the
first 2 of these last 10 will always be "1's" for a Matrix Command and
the remaining 8 bits will be the true binary configuration of the command
to be ekecuted,

These inputs to the DD are first amplified and buffered in a Band-
pass Amplifier and Buffer. (See Exhibit 5.) The digital data are detected
and handled through a Limiter, f-m Discriminator, and d-c Comparator.
The output from this circuitry is the Digital Information, "k," and its
complement, " , '

The a-m sine wave sync signal is detected and handled through an
Envelope Detector, a Bandpass Amplifier, a Buffer, a Schmitt Trigger,
a Pulse Amplifier, and a blocking oscillator titled Master Clock. The

output from these circuits is a clock pulse, "F," which is in sync with

" the Dig“it"aLT’IMr{{ai:H{z;cion and is used for synchronizwir;gh the gp-eré_tionvo)fw‘

_the entire DD, ., L o2l e o

The signal at th.e input of the Schmitt Trigger also goes to another
Level Detector and Swifch. If the signal does not exceed a fixed level,

- the Squelch Voltage disables- the Digital Information and Hpn outputs., If
the signal exceeds the fixed level, meaning that a digital command is
truly being received, the Squelch Voltage enables the Digital Information
and "P" pulses to be outputted. Thus, if the CR outputs are not ampli--
tude modulated with the p.foper sync frequency, but rather with tones
such as those meant for the TD, the DD will-remain in squelch.

Under control of the clock or sync signal, "P," the Digital Infor-
mation is shifted into the 10-bit Shift Register (SR). (See Exhibit 6.)
FEach shift is counted by thel Programmer (see Exhibit 7), which is a
six-bit binary counter that counts "P" pulses. Particular binary states
of the Programmer (indicating a specific number of "P" pulses counted)
are decoded by the Timing Gates, providing an indication that specific

bit sequences are registered in the SR.
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When the ninth "P" pulse has been counted, output "v" of the Tlm-
ing Gates will come true, 1nd1cat1ng the proper time to act upon the De-
coder Address bits and the Internal Address bits. This action includes
setting the Decoder Address Bit Flip-Flop if--and only if--SR stages 3,

4, and 5 all contain wy s, and loading the Internal Address Bit Flip-Flops
with the 2 "0" bits from SR stages 6 and 9, indicating a Matrix Command.
(See Exhibit 8,) If stages 3, 4, and 5 are not all "1's," this means that
another DD was selected aboard either the same spacecraft or some other
0GO. | | |

After 13 "P" pulses have been counted, output "r" of the Timing
Gates enables the next "P" pulse (the 14th) to set Parity, meaning"p" is
"settoa "1." (See Exhibit 6.) The 14th "P" pulse also shifts the 14th Dig-
ital Information bit into stage 10 of the SR, meaning that the 4-bit Syn-
chronization Word has been shifted all the way through and out of the SR

~and that stages 1 and 2 contaln the Internal Address b1ts wh11e stages 3

through 10 contain the complement of the eom—mafn'dfto be executed.
£3 = s ey e

~Normal vpsration: chul s titat the last 18 bits be Compseineiary

to those 10 bits already in the SR after the 14th "P" pulse. This allows
a parity check before execut;ihg a Matrix Command., Thus the last 10
bits are shifted into the SR, and parity is checked bit by bit with fhe 10
preceding bits which are being shifted ost of the SR. If.any of the two
bits being parity checked are the same, Parity will be reset, making "p
become a "0." .
. Timing Gates signal "s" indicates that 23 np pulses have been
counted and that the next "P" pulse will shift the last bit of the 24-bit dig-
ital command into the SR, meaning that stages 3 through 10 will then con-
tain the Digital Information to be decoded and transferred to the CDU
relay matrix,

For a Matrix Command the Augment and Reset circuits for the Pro-
grammer are logically organized to count 34 np pulses and then reset
as a function of the term "g I n,' which indicates Matrix Command (g h)
and 34 "P" pulses counted (n). (See Exhibits 7 and 8.) The programmer
is always reset by the Squelch Voltage when the DD is squelched as de-

scribed previously.
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The 24th "P" pulse generates an Enable Output Line signal to the
CDU via the Pulse Gate. (See Exhibit 9.) This signal operates a relay.
Allowance for the pull-in time of this relay r"eq'uires a 3-pulse delay so
that the 27th "P" pulse, enabled by Timing Gates signal "w,' generates
the Matrix Sampling'lé'ulse 3 counts after the Enable Output Line signal.

This pulse goes to the Matrix Pulser (see Exhibit 10), where the
Digital Information stored in stages 3 through 10 is decoded in row-
column form and transferred to the CDU, . | _

The 35th "P" pulse enabled by Timing Gates signal "n" resets the
Programmer and removes the Enable Output Line signal. At this time

the DD is ready to receive another digital command.

{3) Flexible Format Command

A Flexible Format Command requires only a 14-
bit transmission with all bits containing digital data. The initial four-bit

“Synchronization Word'is identical to that for a Matrix Command (seethe =~

_preceding subsection). . e

ThevIvnternal Address bits follo&, as for a Matrix Command, and
are a "0" anda "1" in oi‘d_er of transmission, indicating that the com-
~mand is of the FF type. (See Exhibit 8,) The last eight bits represent the
binary command that is to be transferred to, and operated on by, the
Digital Data Handling Assembly (DDHA),

The D'igital Information, Pulse, and Squelch Voltage are sepa.rated
and used just as for a Matrix Command. Under control of the "P" pulses,
the Digital Information is shifted into the SR. The Decoder Address bit
and the Internal Address bits are handled in the same manner as with a
Matrix Command. The only difference is that the Internal Address Bit
Flip-Flops will be loaded with a "0" and a "1 as 6pposed to the two "O"
bits for a Matrix Command. |

The Parity gets set by the 14th "P" pulse 'as for a Matrix Com-
mand, but this is of no consequence since parity is not checked for an FF
Command, The 14th "P" puise also shifts the last Digital Information
bit into stage 10 of the SR. Occurrence of the 14th "P" pulse is indicated
by Timing Gates signal "L." The next "pm pulse, enabled by "L, " resets
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the Programmer and generates a Word Sampling Pulse. (See Exhibit11.)
The Word Sampling Pulse generai.;es a Data Available Pulse and causes
the Word Command circuits (one-shots) to i:ransfer the Digital informa -
tion stored in the SR to the DDHA., In addition, the Data Available
Pulse and one bit of the Internal Address storage are transferred to

the DDHA., All transfers to the DDHA are via the Combiner circuits,

At this time the DD is ready to receive another command.

f-.r Command Distribution Unit

- The CDU receives inputs from both the TD and the DD,
(See 'Exhibif 12.) For a decoded command the TD provides a potential
(P) and ground (N) to the selected relay in the CDU Relay Matrix.
The enable Output Line signal from the DD occurs before the
Matrix Sampling Pulse (see subsection 3.e(2)), so that 28 volts are

~closed to the Matrix Drivers before one Pi and one Ni (both as a func-

tion of the Matrix Sampling Pulse) signal occur. When the Matrix
) Sampling Pulse does occur, it causes one command in the Matrix to be
.-pe.rform_ed. This requires the energization of one or more relay coils
in the CDU. Energization of more than one is a function of relay logic
within the CDU. Additional circuits within the CDU include timing and

time delay circuits and the undervoltage sensor.

4. Command Equipment Interrelationships

a. General

~ As w‘a-s pointed out in section 1,.the CE has not until
now received the same degree of attention as other portions of the CDH
such as the Telemetry Equipment., The somewhat detailed functional
description of the CE which has been written up in the previous section
is a necessary first step toward the inclusion of this equipment in the
CDH reliability assessment in a more realistic manner. One approach
that might be adopted to accomplish this inclusion would involve a re-
vision of the first assessment model to accommeodate the CE function
to the same level of detail as characterized the first assessment of

the Telemetry Equipment. This is not considered to be desirable at
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this time because the OGO program is currently advanced enough to pro-
vide the necessary additional information for a more searching analysis
of the system reliability, An analysis of this kind will demand, among
other things, a more thorough knowledge of the relaﬁonships which exist
between the GE and the other OGO subsystems and between the CE and
the OGO mission profile beginning with initial conditions.
The present status of the documentation available to PRC shows a

notable deficiency in mission profile information as opposed to block

- diagrams, schematic diagrams, and parts lists. Subsystem interface
relationsﬁips are not as well defined as wiil be necessaryrfor a higher

. level assessment. Specific areas in which additional information will

be elicited include:

1. Initial conditions of the spacecraft systems, partiéﬁlarly
the CDU relays.
2. ' Time profiles of the command occurrences,

3. Failure effects involving the CE,

- These areas are not independent, and their interrelationshi

discerned for an accurate analysis. The nature of the information re-

ps must he .

quired in each of these areas is discussed below.

b.  Determination of Initial Conditions

The initial states of many of the CDU relays can be
deduced from available knowledge of the mission and the system func-.
tions. Thus, there is little question regarding the initial states of re-
lays associated with Spécecraft Sequencing Commands, ACS Commands,
and Experiment Impulse Commands. On the other hand, the initial
states of many of the remaining relays cannot be so readily perceived.
For example, what functions having both ON and OFF commands are
initially in the ON condition, or, conversely, in the OFF condition? It
can be presumed that Master Oscillator No. 1 and High Frequency
Unit,No.— 1 are ON, meaning that the No., 2 units of each are OFF, Now,
are both Equipment Groups, both Tape Recorders, and both Wideband
Transmitters initially OFF? Is the Special-Purpose Transmitter OFF?
These few examples can bé extended to a complete spectrum of questions

coricerning the initial states of the command relays,
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c. ‘Determination of Time Relationships

The time profile of the commaruld occurrences will
weigh heavily in the assi_gﬁment of state values. It ig not necessary, for
example, for certain relay commands to be available throughout the en-
tir(e mission. According to the OGO Data Book (Section 2.1.4, "Initial
OGO Sequencing"), if it is necessary to use the Command (Back-Up) Se-
quence, this actidn will be completed after approximately 3,460 seconds.
Several of the command relays utilized during this period will never again
be required. Clearly, an equipment failure affecting the selectability of
.a particular comménd relay could have serious consequences if it occurred
befere or during the peribd of the Command Sequence, but it would have
-no degrading effect if it occurred at any time after the Sequence period.
In terms of state values, a relay which is no longer required following
the Command 'Seqlience will have no effect on mission value after the Se-
quence, but could well abort the entire mission should it fairlf‘;;ﬁairfbht—ﬁé-" T
completion of the Sequence. This example illustrates the use of mission
‘pfofile daia for ihe identificaiion of components or equipment uniis which
are not> réquired beyond a specific time in the mission.

Another application of mission profile data is exemplified by the
commands that alter the battery charging regime of the Power Supply
Subsystem. In the charg.e—-regulating portion of the subsystem a battery
voltage sensing éircui’c is used to trigger the charge rate between full and
trickle. The trigg.er level can be set By relay command. Considering
the variations in béttery c-ondition throughout the mission, it is reason-
able to expect that the selected trigger level will be a function of some
known estimate of time. The effects of failure involving this command

are related, therefore, to the mission profile.

d. Determination of Failure Effects

Con51derat10n of the CE includes a large number of
states some of the results of a state will be obvious and straightforward,
while others will be very subtle, One fact which tends to obscure cer-
tain failure effects is that although there are redundant equipments in

the CE, they are not, in all cases, truly in.parallel reliability-wise,
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For example, the recéiving portion of the CE is of the phase diversity
reception type, with the crossed dipoles functioning to eliminate the effect
of polarization nulls in the received signal. A linearly polarized signal
will undergo considerable phase shift in passing throﬁgh the ionosphere.
This Faraday rotation effect, due principally to free electron resonance,
can amount to several radians in the 120-Mc/s region. Variations in the
ionospheric structure, coupled with the normal orientat'ion changes of the
satellite, can potentially produce signal-level degradation of as much as
20 db for a 1ihearly polarized antenna. 7
Based on these considerations, it is not fully accurate to assume

-that theé loss of a receiver or its associated antenna will not result in
some 'performance degradation. The signal-to-noise ratio that applies
to a single receiver fed from one linear dipole will undoubtedly be some-
what less than that which characterizes the fully functioning pair. It may
even be that the CR operation will l;e somewhat oscillatory in An_a,’.c}_l;e_ as
the signal streng"ch at the antenna varies as a function of polarization re-
lationships. For the preceding reasons, information regarding the theo-
retical or expected operating characteristics Vof the CR's will be useful
in developing more meaningful value functions. |

~ The decoders provide another illustration of the necessity for
acquiring corollary information about the entire system in order to assess
the consequences of CE failures, As indicated in the preceding paragraph,
the two DD's are truly in parallel, reliability-wise, with respect to each
of the two output signals from the CR's. Each DD is fully capable of se~
lecting all relays in the case of Matrix Commands, or of transferring in-
formation to the DDHA upon receipt of an FF Command. The TD, on the
other hand, offers command redundancy only under certain circumstances.
First it is only in parallel for 11 of the 254 Matrix Commands and exerts
no control over transfer of information to the DDHA's, which is a DD
function only. Second, it is in parallel with the 11 Matrix Commands only
if the spacecraft is iln'contact with a tracking station that is capable of
transmitﬁng both digital and tone commands. Otherwise, nothing is
gained réliability-—wise. Assurhing that the Minitrack stations have only

tone command transmission capabilitieé, the probability of their being
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able to command OGO successfully is not related to the DD's. If the
TD were not operable or functioning when commanded by a Minitrack
station, the probability of being able to execute any command would be
zero. If the vehicle were in communication with any tracking station
with both digital and tone command transmission capabilities, the prob-
ability of executing one of the 11 commands would certainly be greater.
It can be seen from the preceding discussion that true parallel re-
liability of certain OGO equipment is a function of time (position in orbit),
and therefore fits into the broad area of time relationships; hence, it is
clear that adequate information regarding the tracking stations and their
numl.)er, composition, ‘and contact periods with OGO will be useful in
making a better defermination of the results bf any state and, therefore,

a better value function for the state.

e. Power Switching for Experiments

A specialized area of great importance concerns the

_functlon of sw1tch1ng power to individual expernnents by means of the

CE. The determination of state values for varying degrees of operabil-

ity of this function involves simultaneous consideration of the mission
profile and the failure-effects relationships.

Additional information is required as to which Power ON/OFF
relay is associated with each of the pres‘ently assigned experiments,

Depending on the assignments, it is possible that a selection circuit

. failure in the DD and CDU could affect the power control to as many as

16 of the 20 experiments, Therefore, it is important to know the exact

relationship so that any particular state can readily be given a value to

. the mission.

It is important to know or realistically assume (as an initial con-
dition) whether the power to all of the experiments is ON or OFF or |
some combination of experiments is initially ON and the remainder OFF,
If'is a’_lso necessary to know or assume (as a time relationship) the
schedule for commanding Power ON to all of the experiments dL.lring a

mission. This information is necessary because the mission value of a

particular state is dependent on the initial conditions and the time-event
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profile, For example, a state that did not allow the Power ON command

to be executed for a particular experiment would have a zero value at an

early time if that experiment had not yet been energized. Any time after
the Power is ON, such a state has a value greater than zero. If the turn-
ing ON of Power to each experiment is itself a function of time, the value
of certain states at any particular time is related to the number of ex-

periments with Power ON,

f. Miscellaneous

Acquisition of further informationintheareas described
- in the preceding sections will also aid in determining the effects of fail-
~ures in the DD Shift Register and Parity circuits that would lead to the
execution of incorrect Matrix Commands. A large portion of the infor-
mation required forms what has been referred to as the Mission Profile,
It is hoped that such areas can be elarified before final third assessment
assumptions are made. If such a Mission Profile has not been generated
‘and definite information cannot be made available, the best possible en-

gineering judgment will be used in making assumptions.

5, CDH Numerical Assessment

'a. Model Equations

 The following section of this TAM updates subsection
IV.A.5 ("Numerical Assessment of the Communications and Data Handling
Subsystem") of VReierencle_.l. There are a total of four changes in the-:
second assessment that affect this section. Only one of these changes,
the TD redesign, affects the model equations; the other three are con-
cerned with the reliabilit-y inputs (see subsection 5.b below).

The TD has been redesigned since the preliminary assessment,
Action was taken to improve subsystem reliability by increasing the
switching capability between redundant equipments by ground command.
(See Reference 1, subsection IV. A, 6.a(2), "Possible Increases in Switch-
ing Capabilitiesl," and subsection VIL.B, Conclusion 5), With its inereased
switching ability and the origimal assumption that only four switch-function

pairs are required, the TD becomes a truly redundant decoder from a
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reliability point of view, This qhangé has the effect of eliminating

Equation (IV. A.11) and altering Equation (IV.A.10) to

W : L2 o r ‘ 2
Rip = [1-(Q1 - Ry 101 -1 - RHFT) Jir - (1 - Reg) ]

2] (1 - (1 -R_ 2

b= (1 - DD

(1 - R

RWBT) TD) |

where the asterisk indicates the revised term and all other terms in the
equation are defined in Reference 1.. This cllaﬁge in equations reflects
the current situation wherein switching the Equipment Gl.-oup units, the
- Master Os cillators, the High-Frequency Ti'nli_r;gr Units, or the Wideband
'Transmittersrequires only one of the three decdders: as’-—;;ﬁrtjrasted
with the previous situation where the Tone Decoder could switch the

" Wideband Transrﬁitters only, Thus, the CDH can be in State Si in one
of three ways (cf. Reference 1, pp. 78-81): B

1. Blocks 1A énd IIB are both operable; oné of the three re-
dundant Digital Decoders and one each of the redundant pairs
of Master Oscillators, High-Frequency Timing Units, Com-
mand Receivers, and Wideband Telemetry Transmitters is
operable; and blocks IIA and IIIB, considered redundantly,

“are in state Si" ' .

2. One of each of the redundant DD's, MO's, HFT's, CR's,
and WBT's is operable; only one of blocks IIA and IIB is
operable; and the block III units associated with the operabrler
block II are in state Si' |

3. All three decoders are failed; the HFT, the MO, the WBT,
‘and the block Il switched in at the time switching capability
was lost are operable; and the.corresponding block LI units

are in State Si‘
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Thus, the revised probability that the CDH is in state -Si is given
by: '

Ja

t) = RAR P+2.R

I )P+R R P.1 ;

PeoulSy ia Rt - R ic R

where again the asterisk denotes revised terms and the subscripts are

defined in the preliminary report (cf. Reference 1, Equation (IV.A.13).

b. Preparation of Reliability Inputs

. The three remaining changes are in the category of
reliability inputs. The entire reliability inputs section (IV.A.5,b) has
been revised herein for the second assessment, One change is in the
revised fa11ure rates used (these rates are in accordance with Reference
“_.24) only the rev1sed rates are glven in the folIOiivmg révised list. The
sScuud Clange is 4 new parts‘ r:om pie ement tor'the ‘'one _Decoder;- rc-
flecting its revised design. The final change is the addition of five co-
axial connectors to each Command Receiver in order to account more
accurately for the antenna-to-receiver reliability. Only the revised

parts complements are given in the following list.

Individual
Part
) . Number Failure

Block I of Parts Rate

Master Oscillator, MO
(2 redundant) -

Transistor 15 .30

- Resistor 43 W23

Diode - 30 .15

Capacitor 18 .01

Transformer 1 .20

107 19.27
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Block I (Continued)

High-Frequency Timing Unit, HFT

(2 redundant)

Transistor 29
Resistor 96
Diode 75
Capacitor _ 6
. 206
Command Receiver, CR
(2 redundant)
Connector, Coaxial 5
Transistor, Germanium 13
Transistor, Silicon 9
Diode, Silicon 5
Diode, Zener ) 4
S Transformer,-r~frand-i~f - —— . . )7 . .
Transformer, Audio 2
Resistor. Carbon Composition * - 70
Clioke : 1
Filter, Feedthrough 2
Coil, Small Size 2
Capacitor, Corning Glass 18
Capacitor, Ceramic 28
Capacitor, Solid Tantalum 11
. Capacitor, Paper Equivalent 9
Crystal, Quartz 2
Filter, Quartz 1
194
Digital Decoder, DD
(2 redundant)
Resistor, Film 333
Capacitor, Cerafil (Ceramic) 107
Capacitor, Tantalum 11
Diode 245
Transistor 108
Relay 9
Transformer 11
824

31

Number
- of Parts

Individual
Part
Failure
Rate

.30
.23
.15
.01

42,09

.20
.30
.30
.15
.26

e = 200 L

.02
.01
40
.06
.20
.01
.01
.08
.01
.30
.30

16.78

.23
01
.08
.15
.30
.60
20

'155.29



Individual

_ Part
Number Failure

Block I (Continued) ‘of Parts Rate

Wideband Transmitter, WBT

(2 redundant)

Resistor, Fixed (Carbon Composition) 22 .01
Capacitor, Fixed (Ceramic) 49 .01
Diode, Zener 6 .26
Diode, Varactor 5 1.20
Crystal ‘ _ 1 .30
Transformer, Handwound, Air-Core 4 .20
Inductor, Handwound 12 .40
Transistor, Silicon 9 .30
Capacitor, Variable 13 .15
Resistor, Variable, Wirewound 2 07
Choke, r-f 8 .40
Connector, Power 1 .20
Connector, Coaxial 6 .20
138 23,56

Tone Decoder, TD (1)

l " Resistor, Film 1753 L3
Capacitor, Cerafil 6 01
.Capacitor, Ceramic 9 01
Capacitor, Molded Mica 68 .01
.Capacitor, Tantalum - 18 .08
Diode 28 .15
Transistor ' 69 .30
Relay : 12 .6
Transformer 1 .20
Inductor ' 15 .40
Connector ' 2 20

401 80.76

. Command Switching Unit, CSU

Matrix Driver No, 1
_Rectifier, Silicon-Controlled 1 .45
Diode : ' 1 .15
Resistor 1 23
Capacitor . 1 .01

Matrix Driver No. 2 '
Rectifier, Silicon-Contarolled' 1 .45
Diode : 2 .15
Resistor 1 23
Capacitor 1 .01
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Individual

. Part
: Number Failure
Block I (Continued) ; of Parts Rate
Relay Driver
Transistor 2 .30
Resistor 2 .23
Diode 2 .15
‘Relay (Sensitive) 1 0.60
Relay (Latching) 1 0.60
17 4.39
Block II
Manchester Code Generator,
MCG (1)

i v emeeo - STransistor - - e 4 .30
Resistor e At .23
MNHada - 1o E
Capacitor 2 01

' 28 5.48
Main Commutator Enable Circuit,
MCEC (1)
Transistor 9 .30
Resistor 28 .23
Diode 24 .15
C_apa_.citor 2 .01
63 - 12.761
Digitél Bit and Word Generator,
DBWG (1) -
Modulg 9 Counter -
Transistor 25 .30
Resistor 65 23
Diode 54 .15
Capacitor 2 .01

1

The effective failure rate, under the assumptions of the present model,
is 12/128 of the failure rate given above, since the system is considered
degraded only if the fixed-word transmission memory is stuck in one of

the 12 fixed words when the failure occurs. This event has a probability
of 12/128; the effective failure rate is therefore 1.20. (See Reference 1,
subsection IV,A.2, for a more detailed analysis.)
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Block II {Continued)

Modulo 2 Counter

Transistor
Resistor
Diode
Capacitor

Main Commutator Counter,

- MCC (1) _

Flip-Flop Circuit (7)
Transistor
Resistor

Diode
Capacitor

(Total, MCC)

Frame Sync Coding Circuit,
FSCC (1)

Elements common to at
least six bits

Transistor
Resistor
Diode

Elements common to
each bit

Resistor
Diode

34

Individual

. Part
;- - Number Failure
of Parts Rate
7 .30
19 23
13- .15
2 .01
187 39.01
4 .30
11 23
5 15
2 0L

22 4.50
154 31,50

4 .30
12 .23
_4_5_ .15
61 - 10,71

1 .23
4 .15

5 .83



Individual

Part
Number Failure
of Parts " Rate -
Block I
Elements common to all
digital words, D (1)
TOR" Gate
Transistor 1 .30
Resistor 3 23
Diode 1 .15
"NAND" Gate (NE-2)
Transistor . __l_ .30
. 6 1.44
Elements common to each
digital word, DW (40)
e e e . NEST -
Transistor o 17 .30
TG-1
Transistor 1 .30
Resistor 4 .23
Diode 6 .15
12 2.42
.Elements common to-each ---
digital column, DC (8)
AM-5 -
Transistor 4 .30
Resistor 8 .23
Diode 5 .15
Capacitor 1 .01
> 18 3.80
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Block III (Continue d)

AM-4

-Transistor
Resistor
Diode
Capacitor

Elements common to each
digital row, DR (8)

NE-2

Transistor
Elements common to 1/4 of
the digital words, DQ (4)

_ Shift Pulse Driver

Individual

Part
Number Failure
" of Parts Rate -
2 .30
7 W23
6 .15
__1_ .01
16 3,121
1 .30

Transistor 2T e 030
Ragistor. - I S 22
Diode 4 .15
Capacitor | 1 01
Transformer __1_ .20
13 2.56

Elements common to 1/6 of

the digital words, OR (6)
"OR" Gate

Transistor 1 .30
Resistor 2 .23
- Diode _l .15
4 91

1Since half of the selectors for columns that have been assigned digital -
words (see Reference 1, Exhibit IV, A-10) utilize AM-5 ¢ircuits and half
utilize AM-4 circuits, the failure rate for a DC unit is taken to be an
average of the two, viz,

(A + A ) = 3.46

A - AM-4 " "AM-5

DC

oo =
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Individual

Part
o Number Failure
Block III (Continued) " of Parts Rate
Elements common to eé.ch
analog column, AC 8)1
First-Level Driver
Transistor 1 :30
Resistor 1 .23
Diode. ____1_ .15
3 .68
Elements common to each
row, R (8)
AM-5
Transistor 4 .30
Resistor 8 .23
Diode 4 .15
~_GQapacitor - __ .V . _ _.0l
. 1 3.65}
Eiemehts comrhon to each
analog row, AR (8)
Second-Level Gate
- Transistor 3 .30
Resistor 3 23
Diode 1 .15
Transformer __1_ .20
8 1.94

1Each AC unit utilizes either an AM~4 or an AM-5 circuit (see DC units
for parts count and failure rate) in addition to a First-Level Driver.
According to the assumptions concerning the placement of analog words
as shown in Reference 1, Exhibit IV.A-11, five-eighths of the AC units
use AM~4 circuits and three-eighths use AM-5 circuits. Thus the aver-
age failure rate for an AC unit is



Individual‘

Part
. Number Failure
Block III (Continued) _ ~of Parts Rate
Elements common to each
analog word, AW (30)
First-Level Switch
Transistor 2 .30
Resistor 2 .23
Transformery __1_ .20
5 1,26
Elements common to all
_analog words, A (1) 7 ‘
Third-Level Driver and Switch
Transistor 3 .30
Resistor 3 .23
Diode 1 .15
Transforp;t_ar_ ‘ _l .20
- TR T e 1,94
Aperiure Gaiing' o ‘
Transistor 3 .30
Resistor 7 23
Diode 2 .15
Capacitor 3 0l
15 2.84
Shift Register Enable Memory
Transistor g 6. .30
Resistor 15 .23
Diode 12 .15
. Capacitor 2 .01
_ 35 7.07
Bit Rate Generator
Transistor - 38 .30
Resistor 129 .23
Diode 203 .15
Capacitor - 8 01
378 71.60

1The effective failure rate, asinthe case ofthe MCEC, is takentobe 12/128
of the failure rate givenabove. The engineering analysis for this is given
in Reference 1, subsection IV, A, 2. The effective failure rate is then 0.66.
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Individual

Part
. . Number Failure
Block III (Continued) " of Parts Rate
A/D Converter |
Transistor 34 . .30
Resistor 156 23
Diode 84 .15
Capacitor, Glass 61 .01
Capacitor, Tantalum 1 .08
Transformer, Signal 2 .20
338 - 59.77
GM-2 ‘
.Transistor 1 .30
Resistor 2 .23
Diode 1 .15
4 .68
e .‘-GM_I w emit e e o as . e
. :+. - Resistor s ] .23
Diode 32 A5
40 6.64
(Total failure rate of elements 144.03

common to all analog words)

‘Ce . ~ Calculations

, Exactly the same methods are used aﬂs in the prelimi-
nary report; hence, only the CDH Stafe Probabilities, PCDH (Si’ t),
and the CDH Subsystem "Classical" Reliability are presented in this
assessment’ (cf, Reference 1, Exhibits IV.A-19 and IV.A-20). These

figures are combined in Exhibit 13 of this memorandum.

6. Conclusions

The reassessed classical reliability of this subsystem for 1
year is 0.383; the comparable first assessment figure is 0.059, The

main reason for this increase is the use of reduced failure rates for
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EXHIBIT 13 - CDH STATE PROBABILITIES, P

cputSir t)

Time, t (hours)

Relative State )
"Value" Number, i 2190 4380 6570 8760
1 1 17222 44296 21424 .09300
39/40 2 .00547 .00879 .00734 .00465
39/40 3 .01172 .01856 .01579 .01011
9/10 4 .00089 ,00131 .00111 .00042
9/10 5 .00626 .00999 .00835 .00532
7/8. 6 .00927 .01493 .01259 .00804
13/15 7 .00412 .00614 .00509 .00320
4/5 8 .11395 22528 .23896 19127
4/5 9 .00365 .00585 “. .00488 .00310
11/15 10 .00004 .00013 .00016 .00014
7/10 11 .00036 .00142 00242  .00263
7/10 12 ~.00251 .01051 01758 .01971.
RET3T: 13 .00371 .01555 02606 ..02918
2/3 14 .00158 .00657 .01096 .01222
3/5 15 .00003 .00085 .00054 .00030
3/5 16 .00148 00618 .01035 .01182
3/5 17 .00013 00118 .00296 .02873
3/5 18 .00004 00031 .00079 .00119
3/5 19 .00009,  .00074 .00187 .00280
11/30 20 .00006 00050 .00125 .00187
11/30 21 .00009 00074 .00186 .00277 .
8/15 22 .00002 00015 .00039 .00059
1/2 . 23 .00005 .00047 .00117 .00176
1/2 24 .00008 .00070 .00174 .00260
7/15 25 .00003 00029 .00073 .00110
2/5 26 .00001 .00011 .00026 .00039
1/5 27 .00056 00096 .00087  .00069
0 28 .06158 .21883 40969 .56040
14 »
Classical }: P pp(S;r t) = 93575 76799 .56553 .38299

Reliability
=1
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‘this assessment, Changing the Tone Decoder design so that it is more

fully redundant with the Digital Decoders resulted in a further increase
in reliability. The changéd (i.e., .increased) parts complements in the
Tone Decoder and in the Command Receivers have a negligible effect on
subsystem reliability. . A

The change in the Command Receiver parts complement consists
of the addition of five coaxial connectors. This results in only a 2-
percent increase in the total Command Receiver failure rate, and, hence,
is negligible with regard to the over-all subsystem. 7

The redesigned Tone Decoder-has an expanded parts complement
(391 total parts for the new Tone Decoder compared with 334 for the
-initiai version), but the total failure rate differs by only 1 percent.
This is due to the greater population of low-failure-rate*parts and the
reduced population of high-failure-rate parts. ”

Exhibit IV.A-22 of Reference 1 shows the changes in reliability
resulting from a more completely redundant Tone Decoder. For con-
venience, the results of this change are graphed in Exhibit 14. '

Use of the revised failure rates given in Referencea 24 raspltain s e

441 %

the uppermost reliability curve of Exhibit 14. It is easily seen that this

change yields the major reliability increase.
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TECHNICAL ADVISEMENT MEMORANDUM NO. 12

To: Assistant OGO Project Ma.nager,’v GSFC, NASA
From: PRC OGO Assessment Team

Subject: Second Reliability Assessment for the OGO Attitude Control
and Stabilization Subsystem

1. Introduction

Unlike the preliminary reliability assessment (cf. PRC R-243)
of the ACS Subsystem, this assessment considers the subsystem in terms
of it,s. four'axis-orientation servo channels (roll, pitch, yaw, and array).
The adoption of this functional approach (which considers each servo
channel from its error sensor to its final reactionon the spacecraft) was
deemed a necessary change from the preliminary approach in order to

‘allow the .inclus,ion of operating modes {e.g., the sun acquisition mode)

other than the normal mode. Using STL's terminology, the five modes '

.- of operation pertinent to each channe].,axe_a&fﬂ1ldws: I.= hoost phasey

IIa = array slew; IIb = sun acquisition;'-II'c = earth acquisition; and III =
“normal mode. Thus, each servo channel becomes characterized by (1)
the axis about which it exerts control and {2) the particular electrical
configuration pertinent to a given operating mode.

Since each channel may have several different electrical configura-
tions, a description of each channel in each of its distinct configurations
.is given in this memorandum. A particular channel and mode configu-
ration might be, for example, "Solar Array, Mode I," as shown in Ex-
hibit 2 (which also presents a tabular listing of failure modes pertinent
to that configuration).

"A brief discussion of the modelling and a summary of the reliabil-
ity assessment (i.e., channel as well as total subsystem) is presented
in Section 2. The subsystem analysis is based primarily on separate
anélyses of each of the four servo channels given in later sections:’ the
solar array channel in Section 3, the yaw channel in Section 4, the pitch

channel in Section 5, and the ‘roll channel in Section 6.



To complete the preliminaries of the subsystem analysis, Sections
7 and 8 present the respecfive analyses of common and special channel
equipments. Section 9 develops the detailed model equatidns for ACS
Subsystem reliability in each mode, and includes numerical evaluations,
The memorandum concludes with a discussion of subsystem strengths and

weaknesses together with recommendations for reliability improvement.

2. Assessment Summary and Discussion of Models

_ Some 75 different functional circuit groupings were identified
and used in this as sessment of the ACS Subsystem. It was recognized

~ that certain fa11ures in certain groupmgs could occur without subsystem
failure if the groupings were part of a particular channel operating in a
particular mode. Identification and inclusion of such mitigating consid- -
erations in the model have constituted one major effort of the second

assessment. That this effort is worthwhile (feliability-wise) can be seen

by first defining the zeroth-order subsystem reliability at time t ag "~~~ -~ ----

the probab111ty that no fa.11ure of a __I of the 75 groups has occurred by
':'mne i This funciion is ine slmnle prodnct of l’b'lnd1v1dua1 rejiahility
functions (not necessarily exponential), each of which reflects internal
redundancies (such as quads) and failure-effects analyses. Evaluated
at' t = 8760 hours (or 1 year), the zeroth- order reliability of the ACS
Subsystem is 0,0043. Comparison of the second assessment final relia-
bility prediction for the ACS (presented in Exhibit 1 of this TAM) of
0.02854 to the zeroth order pred1ct1on may be considered as comparmg
a "higher order" to a "zeroth-order" approxlmatmn, with the difference
in the two predictions prov1d1ng a measure of the inaccuracy of the zeroth-
order prediction. The extent to which such h1gher order approximations
approach the true reliability will be discussed in following paragraphs,
but it is deemed illustrative first to present the following modeling
example:

~ Consider a hypothetical servo channel consisting of five equipments.
Suppose further that the channel must operate at prescribed times in one
of two alternative modes, and that different equipment configurations are

necessary to effect each modev,’ as shown in the following table.



Equipment Number 1 2 3 4 5
Required for Mode I ? - Yes Yes No No | Yes
Required for Modg I ? No No Yes Yes Yes_

In normal operation it is assumed that the channel will operate in

Mode I until t= 7, at which {:ime the channel will change to Mode II and

continue to operation in Mode II for t> 7.

Denoting the probability of

no failure at time t of the ith equipment in the jth mode by Pg(t)
(i=1,2,3,4,5;, j=1,1I), the probability of no failure of the channel

PIC(t) for t< T is therefore

Pé(t) = Pi(t) Pé(t) Pé(t) .

~eGimiiariy, -lue=t->= 11— ithe prebability of no-taiture o

-

thech

Pg(t) =[Pé(1)][P§(T) Pi(w)][PgI(t - Ty PR - m) PISI(t- T)] (2

In general, Pi(t) £ Pil(t) (i=1,2,3,4,5), since equipment internal
configurations (and thus the consequences of certain failures) generally
differ for each mode. Note that the first major factor in Equation (2) is

the probability that the Mode I operation was successful to time T; the

second major factor is the probability of no failure of equipments 3 and 4
(needed for Mode II operation) by time T; and the third is the condi-

tional probability of no failure in equipments 3, 4, and 5 at time t,

given that Mode II operation is successfully initiated at time T.

Now, if it is assumed that all e'quipments are needed _alg.of the time,

the zeroth-order reliability of the hypothetical channel is given by

[



P (t) = P(t) PL(t) Ph(t) PL(t) PL(t) t<m  (3)
PGH) = PG(T) PLUE - 1) ++v PLE - 7) (t21) . (4)

Since all the P‘;(t)'s lie between 0 and 1 regardless of the under-

lying reliability law, it follows from comparisons of Equations (1) and (3)

"and Equations (2) and (4) that

Pa() sPL()  (t<T)
(5)
?RﬂSPcm (t=1)

In fact, since PJ(t) is strlctly less than unity (for all t> 0), the

EoY com Aopmipmiis T

-equallﬁl o 'Tx"’E\iuuu;uklf\J,— LTS&}?L *’i iluqda%;u;ub, uczlbb*iuc UULJ.UUJ;\
(or assumption) that all equipments areneeded all of the time--i, e., the
zeroth-order approximation--is seen to be pessimistic. The degree of

pessimism can be quantitatively evaluated, for example, by evaluating

the ratio
1
P (1)
C I I
—r— = P3(t) Py(t) (6)
Pat) > * .

for t< 7T (and a similar ratio for t21T),

Certain assumptioﬁs were made in order to keep the above illus-
tration simple; however, the inference drawn from the example is ap-
propriate. Indeed, the development of the model equations in the follow-
ing sections follows the same general approach described in this example.
The term "higher order" reliability approximation (as distinguished from
an "exact" expr-ession) is used for several reasons. Expressions. such
as Pi(t) are meant to reflect failure-effects analysis within the ith equip-

ment. The superscript distinguishes expressions which, individually,



may be appropriate for operation only in a certain mode. An example
of this might be an equipment called a "selection-switching relay." The
use of such an equipment in a channel in one mode might require that the
relay coil be energized, while use of this same equipment for the same
channel in another mode might not require that the coil be energized,
Thus, the effect of a failure such as an "open" in the first mode is cat-
astrophic, but in the second is nil. The probability expression for the
equipment in these twb_ modes must differentiate between the different
effects of such failures. _

If an "exact" failure-effects analysis could be performed on every
one of thé 75 equipi'nents of the ACS .in each of its modes, the inclusion
of the resulting equations in the present ACS analysis model would yield
an "exact! expression for reliability., The present assessment is not
an exact assessment. For some circuit groupings (such as the delayed-
timing-pulse generator)an estimated reliability functionwas derived be-

cause of the lack of design information. For other circuit groupings

(such as horizon scanner selection loglc) a "parts count" rellabili.fy E

funct1on was used in place of full consideration of failure/success under

~ ihe many glven conditions. ' For yet other circuit groupings (such as the

valve-driver amplifier), relatively complete failure-effects analyses by
PRC were used. However, it-is felt that the present assessment is a
géod first approximation, and the analysis model is readily extendable,
as more information bec:.omes available, to a still better approximation
of the "exact" reliability.

Based on the above modelling. concepts, the next seven sections
develop the detailed model equations and present the calculations under-
lying the assessment. These results for the ACS Subsystem are sum-
marized in Exhibit 1. Note that the exhibit gives both channel and ACS
Subsystem reliabilities for the various modes of operation. Also, indi-
vidual as well as cumulative values are presented, That is, each of the
numbers in the "(a)" rows represents the probability that the channel (or
the ACS) was operable at the beginning of this time period. Each of the
numbers in the "(b)" rows, then, is the cumulatlve probab111ty (i.e., re-
liability) that the channel (or the ACS) will survive from time 0 to the end

of the time period in question.
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3.

Solar Array Channel Reliability

The solar array channel consists of the following equipment

and miscellaneous parts. Combinations of various Ri(t) versus mode

are defined in Exhibits 2, 3, and 4.

i Item - R, (1)
1. Converter 'e"3'76t
2. Inverter .e-20.91t
3. Mode Memory e'45-93t(e-.3t 4 27 15t Ze-.ZSSt)
L 27
3t 4 2g7e 15t | 5 =+165t
4. | Relay K5 . o= 6t(ze=015E _ =03ty
5. | Low-Level d-c Magamp | o252t
6. | Bistable d-c Magamp PRl Rél) = rdi8t Réz) = g~ 3-762t
7. Motor Driver Magamp e'5‘33t R(71) = e"'533t R(72) = e"4‘797t
' - _ - -1.809t
8. Magamp Control e 2.01t R(Sl) = e -201t Rgz) = e 9
Circuitry
9. Solar Array Motor "o~%-80t
- - e 1 "’4t
10. Relay K4 e a6t(ze .015t - e 03t) Rgo) = e
11..| Shaft Resolver e~ +25t
‘ - - - -.1
12, Reacquire Circuitry e 3.58t(e -3t + 2e 15t 2e 65t)
_(e‘-.>1.67: + 2e08t - 26—.144.-t)
3
. Co=dao halk V2 “0.7t
13, Array Coarse Sensors e"2e8t 4{1 _e 0 7t} (e )
. ’ -1t .
14, Array Fine Sensors e




i Item Rl(t)

15, | Intensity Detector e 1t

16. Level Detector Magamp o=2:09t

o-+bt(5e=-015t _ -.03t

117. Relay K1 )
(e 40t 4 2ome23t | 5 -.3451

18, Low-Level d-c Magamp ‘e=-2.527t

19. 6 Resistors e~1.38t

20. 6 Resistors e~ 1:38t

21, | 2 Resistors, 2 Switches | e~ 186t

22, 1 Capacitor e"‘OSt
Relia,bility of solar array ) (1) (1) (1)
channel in Mode I = RS,I = R1R2R3R4R6 R7 R8 R9
Reliability of solar array S
channel in Mode II = RS,II = R1R2R3R5 6 -_R12R20R21
Reliability of solar array : (1) .
channel in Mode III = R =R.R,R,R_-++R R, *»++R,.R

S, Il 1727375° 107713 217722

Reliability of solar array
channel through Mode I = R

¢
s,1 - Rs,1

‘Reliability of solar array
channel through Mode II =

e

Rg 11 = R

R,,R,,R

1
20R21) Rg 11

3
Rg 1 (RgRygRyy

10 12

Reiiability of solar-array
channel through Mode III =

S, 11

A * . LI
Rg 1 = Rs, 1 rerRygRyIR

(Ry3Riy 192
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-77.152t, ~.3t -.15¢t -.285t,, -.3t . -.15t -.165t
e + Ze - 2e e - 2e

RS',I_ = (e .2 2 e + 2 2 )
(2015t _ =03t
t = 1 hour, but a K- factor of 800 applies in Mode I, hence,
Rg; - o~+06172( -.00024 , , -.00012 _, -.000228,
L(e=+00024 |, -.00012 _, .000132,%7
(267-000012 _ _-.000024,
= (.94021)(.99976 + 2(.99988 - :999772))
.‘(.99976 +2(,99988 - .999868)) °7(1.99976 - .99976) -
= (.94021)(.999976)(.999784)°T(0) -+
= (.94019)(99418)
Rg | = -93472
Rs,ila = e 9T bt (o3t | g 15t | 5gme285Y (-3t | 515t Ze-'.165t)
-(2e"015t - e‘03t)(e"l6t + 207008t _ 5o - 144t
t = .04 hour
Rema € o oHLMMQ)
Rg g = -999996 = 1

12
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28



s; IIb

S,IIb

RS,IIa’ with' t = ,5 hour

28

e_'000048(1)(e-,3t + 2e--.15t _ 2e—.165t) (1)(1)

(.999952)(.999996)

=.99995

R

S,II

RS,IIa’ with. t = 35 hours

'e_-.0034 -.0000105+ e-.00000525 _ e—.000009975

(e 2 2

)

28

e-.0000105 + ) (1)

o--00000525 _ -.000005775

o 2 2

-.00000560
e +

) 200000280 -.00000504
e - e ‘

| 2

)

5 S 2y

(,99640) Lé999u95 + 2{.Q0qaq478 ,..."';oea.q,n.e,n,vc.\\. :

1

28
(9999895 + 2(.99999475 - .999994225))

(19999944 + 2(.9999972 - .99999496))

(.99660)(.9999895 + .000009450)(.9999895 + .000001050)>3
-(.9999944 + .00000448)

(.9966)(.99999895)(:99999055)28(.99999888)

(.99659784)(.99974487)

. .99634

13



~-104,15t

-3t

-.15¢
e -

-.285t
e

Rg, 1= © (e 742 2 !
' 28 _ - 2
("3t 4 2o 15t _ 26-.165t)7 (26”015t _ ¢ -03t,
(e-.16t + 2e_'.‘08t _ ze'f144t)(e"46t ' e~ "23t _ Ze-.3{15t)
t = 2154, 4344, 6534, 8724 hours
Time
o~ 104.15t .79905 | .63604 | .50637 | .40309
oo o3t .99935 .99870 .99804 .99738
o +15t 99968 | .99935 | .99902 | .99869
o285t | 99939 | .o9876 | 99814 | 99751 |
e—.165t ] .99964 .99928 | .99892 .99856"
a0t b geggn ot Gosartgansot 95587
e".03t ',99994 .99988 | .99980 .99974
-1t 99966 | .99930 | .99896 | .99860
o~ +08t .99983 ~99965 .99948 | .99930
o-e144t 99969 | .99938 | .99906 | .99874
o 46t .99901 | .99800 | .99700 | .99600
e".23t .99950 .99900 .99850 99799
] e-.3‘_15t | .99926 .99850 .99775 -99699
(e73t 4 267158 L 267285y 1 99993 | 99988 | .99980 | .99974
(e".3t + 2e-.15t _ 2e'.l65t) . .99943 ,99884 .99824 .99764
(267 +015t _ -.03t, 1. 1 1 1
(e"-lbt + 2e'.08t ~ 26‘.14‘4t) '99994 .99984 .99980 .99972 .
(e7 40t | 2o7+23t | Ze-'345iﬁg .99949 | .99900 [ .99850 | .99800
(e™"3t 4 20715t . %3'-165t) .98416 | .96800 | .95187 | .93602
e 0% 0%y R
Rg. 111(t) .785§9 .61490 | .48108 | .37531

14
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Rg 1= Rg q = 93472
. ‘ R, R,
Rsma = Rs,1Rs, ma®sRioR11R12R20R21)
' .10.19t,, -.015t _ -.03t.
(RgRjoR 1R R 0Ry) = @ (2e -e ")
.(e-.3t + ze-olstb_ 2e"ol65t)

.(e-tlét + Ze-.ost - ze-.1‘44t)

with t =1 and K = 800,

e-.00815 -.00024 -.00012 _

. v ! -.000132
(RSRIORIIRIZRZQRZI) (1} (e + 2e 2e )
. (e-.OOOlZS 4 2e-.000064 _ Ze_'0001152)
e R e G ey T e T

= .99163
% ' ‘
.%{S,Ha = (,93472)(.999996)(.99163) = .92689

e
Rg 11 = 92689

E 3 %
= Rg 11aRs, 1mm

(:92689)(.99995)

S, Iib = .,92684

15




# S %

Rg e = Rs,mbRs, 11c
= (.92684)(.99634)
R;HC = .92345
I— R§ ncls, mRisRy4 'R19R22)'
, |
Ry aRyg RygRy ) = o108t -6t |, 23t _, -.3451)

4

with t=1, K =800, and t =36, K =1

-.008696

. e (o7+000368 4, -.000184 _ , -.000276

e e .e--00°39(e-:9009165 Lg,e-;gggogé - 271000276

= 99134( 99982.)( 99999)

99115

]

s, 111 .91528R

R (.99115)(.92345)R

S, I~ S, 1l

S,III(2154) =..71931

.
RS,III(4344,) = .56280

S III(6534) = 44032

RS 111(8724) = .34351 v

3
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4.

Yaw Channel Reliability

The yaw channel consists of the following equipment and mis-~ .
cellaneous parts. Combinations of various Ri(t) versus mode are defined
in Exhibits 5, 6, and 7.,

i Item Ri(t)
1, Converter ' e'3'76t
2. Inverter o ~20.91t
_ ) ] e
3. Mode Memory 3“45-93t(e 3t + 2e .15t 26 .28.;1:) »
. ' 27
. (o3t 4 o715t _ 5o 165E)
23. | Small Earth | em26.81t
Discriminator Circuits
24- ”Relay Kl BN 9_’1"'801:;;;,‘R:'g;];i),,f:,e-lf,éot e o
25. Relay K2 o180t R(le) - o8t
26. Low-Level Magamp, e-3’90t
PT6-2013 -
217. 6 Resistors, e"1'62t
3 Capacitors
18. Low-Level d-c Magamp, 390t
PT6-2006
29. 3 Resistors e"'69t
3 . v 1 _ _ . 5
17. Coarse/Fine Selector e 1 Ot(e 46t + 2e 23t _ 2e 34 t)
‘Relay
31. Yaw Coarse Sensors e—l'4t .
32. Yaw Fine Sensors e-0.7t

17




i Item Ri(t)
- 33, Intensity Detector e~ 0.7t

16. Level Detector Magamp, e 437t

201221
35, Bistable Magamp, (3'4'37t

201221
36. 8 Diode Quads 1

! X 8
37. | . Valve Drivers and e"32'22t(e-'46t + 2e7023¢ _ Ze-‘345t)
' Valves
\ Rgl-/) -_-{1 _[Ze-l.SOt(l_e-.lJTSt)
b om 143t _o--09t)
g 4

’ - SR eil_f’?'?,(l—e""“t)]} 1
38. Bistable Magaimp, 6-4'57L R;;S, = e-t'qt

201221
39. 2 Diode Quads 1

_40. Motor Driver Magamp, e~4:23t

201220
41, Yaw Reaction Wheel o480

Motor
42.| 2 Diode Quads, g4

1 Resistor,

1 Zener Diode
43, Level Detector Magamp e-2'09t , R‘(ll?’) = e-.209t
: (1/2 PT6-2003)
44, Unstable Null and Sun o= 2-98t Rgl) - emr298t

Interference Logic.
45, 1 Resistor e‘.'23t
46. 1 Capacitor e-.08t

18




i ~ Item R,(t)

47. 1 Resistor e3¢

48. 1 Resistor - e"23t

46t ., -.23t _.-.345t)

49, Regulator, Filter (e " + 2e
| -.064t  -.128t
e - e

23

)
)

.(2

J(2e~-675t _ o-1.35t

" Reliability of yaw channel

in Mede I'= Ry ;= {1 - (1-Rp )R (R ;R gRycRy Ry Ry gRy Ry, RosRy Ry

(1y
R48} R,R,R,R R

. (1)
RyqRysR 2R3Ry9R37

37R45R38Ry7

~Re
Cdn

—_— el

liability of yaw channel
Modeo 1Ta = P =N - o T
! 'y, e T Ry

Reliability of yaw channel (1)

in Mode IIb = Ry yp, = RjRyRaR 1 (R1gR gRy Ry Ry (RogRygR3 1 Ry R R g0 e

(1),(1) ..
RyoRa3RysRypt *Ryg

Reliability of yaw channel

in Mode Iic = RY, ITc = RY, 1ib

' .Reliability of yaw channel (1) (1) :
in Mode IIL = R =R R2R3R16R17R R /R R26R R,,R,;R,,R,.R

Y, I1I 1 1877247725 277729773177327°337°38
(Dl ... -
Ragr  RypRusRygRee " Ryg
Reliability of yaw " .
channel tlhrough Mode I = RY,I = RY,I
Reliability of yaw 5
channel through Mode Ila = RY,' IIa = RY, IRY, Ia
Reliability of yaw y . o
channel through Mode IIb = RY, b = RY, IIaRY,IIb(R3'5' R48)

19



Reliability of yaw o *
channel through Mode IIc = Y e = Y, IIbR'I]?c

Reliability of yaw

channel through Mode III = R>=

Y, I = Ry

Y, Iic III(R23)

20
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To 1. 6 To 6 {To 1)
(Yaw)
N J
Y
(Pitch) 123s8 ' To 1 (To 4)
(Pitch) ~olid ad
(Yaw) To 3, 4 "
e e el e - - - | To 3 {To 3)
P T ot
To 4 {To 6)

Note: P = pitch; Y = yaw. The P quads may fail open with no
consequence to the yaw channel; the Y quads may fail open
with no consequence to the pitch channel. Short Y or P is
catastrophic,

EXHIBIT 9 - BOX 36, "OR" GATE LOGIC
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Ry = <1_(1_e-1.8(:)t)e—20.08t(e-.46t ¢ 20723t _ 26-.345t)>
.o"70:-60% -3t 5 -.15¢ _'26-.z§5t)(_e-.3t 4 2o7+ 15t _ ze'_,l__ést)m
(om0t 4 223t 26—.345t)(ze-.064t ) e-.'-128t)
.(Z-e-.6751: - o135t
with t = 1 hour, but K = 800, -
= {1- (1-e"00144)e"°16(.99982)}e"05648(.999976)(.99418)
u-(-99982)(1)(1)
= {1 - (-00144)(-98413)(.é9982)}(.945_06)(.999976)(.97418)(.99982)
Ry 1= .93804

_ -1.80t, -20.08t, -.46¢t -.23t" -.345¢t
,BY,IIa = <1-(1-¢ Je (e + 2e 2e )>

Lo=T0:60t =3ty 5 oI5t =235t .3t ze‘-.15t _ Ze'-.lest)27
.(;‘-.461: N Ze-..23t  por345ty 5 - 364t | =128ty , ~.675t ;-1.3‘Ei>t)
- with t = .04,
= (T () (1) (1) (1) (1)
Ry, 1ma = ! "

26



.(2
(207064t _ -.128ty, 675t  -1.35

with' t = 2154, 4344, 6534, 8724 hours,

27

o--015t _ -.03t .46t , -.23t , -.345¢)

)

-144.037t, -.3t -.285t, -.3t . -.15t . .165t
RY,- m = (e + 2e Ve + 2e - 2e
‘ . . 10 .
(om-26t | 523t _ , -.3450 70 064t -.128t
(2e--675t _ -1:35%
with t = ,5 hour .
-.000072;
= e (IXIX1INL)
RY, o = _ .99993
RY, e = RY, 1Ib’ with t = 35 hours,
= ¢ 0050%1)(.99925)(.9999)(1)(1)
= (.99497)(.99975)
RY, IIc = .99'472
g N 4 <
‘.RY,III - e-132.227t(e— 3t +'2e- 15t _ e-.Zb:)t)( -.3t N Ze-.lbt _
' ) 9

27



Time

28

Term 2154 | 4344 6534 8724
e~ 132.227¢ 75202 | .56208 | .42148 | .31664
(™3t 4 20715t _ o205t .99993 | .99988 | .99980 | .99974

-.3t -.15¢ -.165t 21
(e 3t 4 267710t | 2o--165¢ 98472 | .96912 | .95355 | .93823
(2¢70-5t _ =03t 1 1 | 1

. _23t - 345: 9 ‘
(e” 46t | 2o _ 267345 .99542 | .99103 | .98659 | .98214

|(2e™0Tt - ¢m 135 99999 |-.99998. | .99997 | .99996
Ry 11 13708 | .53976 | .39642 | .39169
RY = R .=.93804
v,vi = v,1° 7

rR* - r* R = .93804
Y, a = v, i}y, 112 = *?

¥ . Lo '

Rymp = Ry ma Ry, mp Ras " Reg)
| . g
. ' -51.757t, -.46t ~.23t _, -.345t,
‘(R35 R48)_ = e (e + 2e 2e )
, with t =1, K= 800, and t = .04,
= o 0414 99952)®
= .95945(.99856) = .95807
R';‘{nb = (.95807)(.93804)(.99993)
B3
Ry g = +89865




E

b

Ryte = Ry R
= '(.89865)(.99472) !
rR* = .89390
Y1e. - 8939
% ES
—_ L]
Rem = Ry e Ry, (r23)
R23 o L2681t
where t = 1, K = 800, and t = 36 = ¢~"0%15
= 0215 44573
e b Time
Term 2190 4380 6570 8760
Ry ncRymr | 65888 | 48249 |.35436 | .26074
b
Ry 1y 64486 | .47223 |.34682 | .25519

29



5. Pitch Channel Reliability

The pitch channel ‘consists of the following equipments and

miscellaneous parts. Combinations of the R.l(t) versus mode are de-

fined in Exhibits 10, 11, and 12.

i Item Ri(t)
1. Converter e-3'76t
2. Inverter e-20.91t
3. | Mode Memory 4593t =3t |, -.15t , -.285t
27
(o3t 4 2715t | o165t
23. Small Earth e_26'81t
_Disgriminator Circuits | = -~
24 Relay K1 o180t (1) -1.60t
' T . 24
25. | Relay K2 e 180t Rgls) - o8t
36. Diode Quads 1
‘ : 8
37. Valve Driver and Valve e-32'22t(e-'46t + Ze_'23lc - Ze-'345t)
R(317) = (See Yaw Channel List)
49. | Regulator, Filter (e 40t | 5o723t | 5 7345t
(207064t _ --128¢
(Ze-.é’(St _ e-l.35t)
50. Bistable Magamp, g 437t
201221
51. " Bistable Magamp, e—4'37t
201221
52. 2 Resistors, 1 Capacitor e—:54t

30




i Item Ri( t)

53. Diode Quad ' 1
54. Diode Quad ]
55. Motor Driver Magamp | e'4'23t
56. Reaction Wheel Motor e-4.80t
57. Low-Level d-c Magamp, e'4'37t
201221,
58. 8 Resistors, o224t
5 Capacitors
59. Z10 Error Demodulator e-9-.48t
T I
61, Horizon Scanner See Separate Analysis
62. Rate Gyro Electron'ics e—(12'69)t

Reliability of pitch channel | : (1)

in Mode I = Rp, ¢ :C1'“‘R24)R25R36R37R51_R52R62> RyR,R3R37Ryg
Reliability of pitch channel

in Mode Ila = RP, Ia = RP, I

Reliability of pitch channel

in Mode IIb = R = RIR R R(I)R R

P, Ilb 273524725 36R37R4_9R50'”R

56862

Reliability of pitch channel
in Mode IIc = RP, Iic = RP, b

Reliability of pitch channel

; _ N (HDpl)p g
in Mode III = Ry 117 = RyR,RaR, 3Ry 'R GR3RosRy Ry * Ry

277377237724 7°2577°3

31



Reliability of pitch
channel through Mode I = R, ,=R

Reliability of pitch
channel through Mode Ila

1
b

I
Fd.v.
e

P, Ila  C P,I. P, Ia

Reliability of pitch

channel through Mode IIb = RP, b = RP, IlaRP, IIb(RzéRSORSSf o R56)
Reliability of pitch ” ”

channel through Mode Iic = RP, e = RP, IIbRP, IIe

Re11ab111ty of pitch " '
channel through Mode III = RP, 11 RP Ic P III(R23R57R58 . -R61)

32
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-178Ot -14.,49t

RP,I = 1-(1-e )e (.93937?
witht = 1, but K= 800
o= 1 - (.00144)(.98847) (.93937) = (.99858)(.93937)
R, = .93804
RP, s = RP,I, with t = .04
Rp 112 = 1
R _ e-137.22t(e-.3t + Ze—:l5t ) 2e-.285t)(e-.3t + 215t _ zef.165t)27
P, IIb .
.(e-.46t + 26 +23t 28-.345t)9
.'(ze;'.O()‘lt ) e-.let)(Zef;bz5t ) é-1.35t)7
with t = .5 hours
= 99997 1) = 99993
Rp qmp = +99993
RP,IIc RP,IIb’ with t = 35 hours
. _ -.0048 .
= e (1)(1)(.99975)(.99991)(1)(1) = (.99521)(.99975)(.99991)
RP;IIC = .99487

36



Determined graphically.

37

_ -171.26t -3t . -.15t -.285t

RZP,III - ¢ Horizon Scanner ( t 2e - 2e )

dem 3t 4 e 15t _ 2e"165t)27(e"?-‘46t' ; 2e-+23t _ 2e-.345t)11

-.064t - - 1,35t
(2e 064t 128t)(2e 675t _ 5 )
with t = 2154, 4344, 6534, 8724 hours
Time

Term 2154 4344 | 6534 8724
e 171.26 69142 | .47332 | .32637 | .22313
R rizon Scanmer 92574% | .81500% | .69500% | .57250F
(673t 4 2e7+ 15t | 57235t 99993 | .99988 | .99980 | .99974
(e 3t 4 267158 | 270165627 - | 95472 | 96912 | .95355 | .93823

AL - :t;f L AALE 1Y . !
P P A Pl Y10 004401 98905 58363 | 97822
(Ze'-064t - e-.128t) . 1 1 1 1
(27075t _ o135t 199999 | .99998 | .99997 | .99996
Rp qft) 62672 36970 21270 11720
R; ;= Rp [=.93804
* R® R = .93804

Rp 1ia p,1Rp, 112 = -



* #* '

Rpmp = Rp 11aBp, 11b(R36R37R50R51 " Reg)
v 1340t L. .
(R36R37R50R51"'R56) = € , with t =1, K: 800
= (.98953)
rRF - 92815 |
P, Ib - '
rR* N = (.92815)(.9948
Rp e ® - Rp,umpRp, e = (:92815)(.99487)
%
Rpme © 92339
r¥ - * (Ro.R. R.or+ '
P, Il Rp 1cRp, mRa3Rs4Rsg" " Ry
' ~47.73t, -.46t - 27t -.345t)
(R23R54R58 Rél) = € (e. t Ze - 23 RHorizon Scanner
fort=1, K=2800, and t = 36
= e Y% (.9996)(.984)T
= (.96079)(.9996)(.984) = .94504
. ,
Ry 1y = (.92339)(.94504)(,62672)
(.36370)
(.20447)
(.11330)
. _
Rp m = .54690; .32261; .18561; .10227

_¥Determined graphically.
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6. Roll Channel Reliability

The roll channel consists of the following equipments and mis-
cellaneous parts. Combinations of the Ri(t) versus mode are defined in
Exhibits 13, 14, and 15. ‘

i Item Ri(t)
1. Converter e"3°76t
2. Inverter - e~20.91t
3.| ~Mode Memory e 4593t =3t 5 -.15t _, -.285t)
’ _'(e-.3t 4 207715t _ 26-.165t)27l
|13 | Awray Coarse Semsor | &%
14,1 Array Fine Sensor ;.7't> T T e
15, Intensity Detector ;-.7t
16. Level Detector Magamp e'2'09t
17. Coarse/Fine Selector e"-ét(ze--015t } ,e-'03t)
NRELPER- 1 2o--345t,
18. Low-Level d-c Magamp e'4'37t
19. 6 Resistors e".l'38t .
22. 2 Capacitors e"lét
23.|  Small Earth o-26.81t
Discriminator Circuits |
24. Relay,Kl e'1'80t R.(214) - e'1-60t

39



i Item Ri'(t)
75. | Relay K2A e~1-115t R(715) o -1.094t
, _ _ ,
60." Horizon Scanner e'4-83t(e--46t7+ Ze-'23t - Ze--345t)
Selection Logic
61. Horizon Scanner See Separate Analysis
13. Z9 Error Demodulator é"9-48t
74. | 1 Resistor o7 23t 16t 5 =088, -.096t,
2 Capacitors ‘ -
63- LOW—Level d-c Magamp e-4¢37t
64. 5 Resistors, o -1-31t R |
2 Capacitors . -
A= I S VO . -4,371_"
U L2id LA WiT LVIaRALllY e
66. 2 Resistors oS4t
’ 1 Capacitor
. : 4
67. Valve Driver ahd e-lé'u(e-"l6t + ze"Z?’t - ze"345t)
Valve (2) ] )
R(617) ={1-[ze 1.50t ;_ --115¢t
+ e—1.43t(1_e—.09t)
2
+ e'1'65t(1—e"064t)] >
68. Bistable Magamp o437t R(618) = o4t
69. Diode Quad 1
70. Diode Quad 1
71. | Motor Driver Magamp e_-4.23t
72. Reaction Wheel Motc_w;- o480t

40



1 Item o Ri(t)

: ' -.46t o, -
49. Regulator, Filter (e + 2e -2

o064t -.128t

)

.23t ~.345t
e

)
-(2

(ze™+675t _ -1.35¢

Reliability of roll

: T o= -G viep 1)
channel in Mode I = RR,I {1 (1 R24)R13 R19R22R63 -R67R68R74R75 7
. (1)
R)R,R3Ry9Re7
CReliabilityof xoll . o e e
cl'far?n'el in Mode Ila = RR, I,Ia = PfR,‘Im .
Reliability of roll (1)
channel in Mode IIb = RR, b = R1R2R3R-13- o R19R22R24 R49R63. $.
‘Ro2R74R75
Reliability of roll
R

] chanlnel in Mode IIc = RR, e = R, IIb

Reliability of roll

. _ - ' (1) (1)
channel in Mode III = R = RlR R.R,,R. 'R R60R61R63 R, R

R, IIL 2773772377247749 747775
Reliability of roll "
channel through Mode I = RR,I = RR,I
Reliability of roll " "
channel through Mode Ila :‘RR, s = RR, I RR, a
Reliability of roll ; - (1)
channel through Mode IIb = Rp 1y = Ry 17, Ripy, (368/1168 R¢oRqoR71R7,)

41



Reliability of roll

channel through Mode Ilc = R’R, Iic =

Reliability of roll :
channel through Mode III = R

%k

R, II1

N ats
N

*

R, 1Ib R, 11c

R. | (R

= Rp,11c BR, m1

42
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. = fi - (.00144)e"20-51t =016t 5 .08t -.096t,
R,1 \ .
-(ze-.015t _ e-.03t)(e"c46t + 2e"-23t _ 26—0345t)}
_e-70.60t(e-,.3t 4 2e+150t _ 2¢7"285Y)
-.3t .15t 16527 a6t -.23t -.345¢
(e 7"+ 2e ° - 2e ) (e + 2e ° - 2e ° )
.(Ze—.064t - e-.lzst)(ze'.675t - e-1035t) ,
“where t =1, K =800,
= {1 - (.00144)(.98364)(.99990)(1)(.99982}} (.93937)
= (.99858)(.93937) R
R, . = .93804
RR,IIa =1, for t =.04
RR - e-127.13t(e—.3t + Ze—.15t - Z"e—.258t)(e-.3t + ze-.5_t _ ze-.165t
. | ' 6
-(ze"-OlSt _ e“.03t)(e-.46t + 2e“'.23t _ 2e".34‘5t)
. (e"ulét + 2e".08t - ze"uogét)(ze-.064t - e--lzgt)
(26675t _ -1.35t)
v for t =1/2 hour,
-.00006
= (<]

(L)1) = (1)

Ry 1p = -99996
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| _ _-.00445
= €

, RR,‘IIC (1)(.99975)(1)(.99994)(1)(1), with t = 35 hours
= (.99556)(99975)(.99994) -
Ry 11c .99533
Ry o - o-154.45t =3t |, -.150 , -.285¢
o3t 4 o= 15t | 5165ty mdbt -2t , 3450
om+16t 4 om-08E 5 0961,
-.064t = -,128t -.675t -1.35¢t
- (2e - € v)(Ze - € )RHorizon Scanner(t)
s _Time _ o
Term 2154 4344 6534 8724
o~ 15444t 71700 | .51170 | .36787 | .25924
Ritorizon Scanmer .92574 | .81500 | .69500 | .57250
(e7°? + 26715t L 2¢7+285Y) 99993 | .99988 | .99980 | .99974
i ) 3 27 |
(et + 26715t | 2¢7-165Y 98472 | 96912 | .93555 | .93823
- - S 7 _
(e 40 | 2023t _ p--345L 99644 | .99302 | .98956 | .98608
-1 - - . '
(e 10t 4 208t _ 5o -.096t) 99972 | 99956 | .99916 | .99888
(Ze'-064t - e-.128t) ' 1 1 . l 1
-.675¢t -1,
(2e - o713 199999 | .99998 | .99997 | .99996
Rp 1 65105 40110 .24099 13711
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Rp,1 = Rg,1=-93804

. =RY R =.93804
RRr,11a = Br, 1’11 = -3

: o = R TR .
RR,IIb - RR'HaRR,IIb(R68/R68R69R70"'R7z)

(1) v -9.43t
| fOl‘t:l’K=800
| = (.93804)(.99996)(.93099)
£

* % 7
Ry 11c = RR, 1bRR, 11c = (-93097)(.99525)

%
R

R.ITc '9‘2655‘, )
[4

Ry, = Ry 1+ Ry r(R,.R, R g

R, - Br,1ucRr,mR23ReoRe1R73)
’ ' -41,12t

(R2_3R60R61R73) = © Horizon Scanner

2
.(e-o46t + 2e".23t - ze-.325t

)

with t=1, K =800, and t = 36 hours

= e70%%38(.984)(.9996) = (.96623)(.984)(.9996) = .95039

. |
RR,III = (.90756)(.95039)(.65105) = .56155

(.40110) = .34596

(.24099) = .20786

(.13711) = .11826
e ’
RR,III = .57329 .35319 .21?.2.0 .1?073
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7. Common Equipments

This sectionconsiders those equipments common to all channels,

a, Inverter

The inverter parts complement, below, is také,n from the

‘Item (j) n, ; nk
Transistors 20 .30 6.00
Diodes 23 .15 3.45
Capacitors, Foil Tantalum 3 .09 .27
‘Capacitors, Solid Tantalum 1 .08 .08
Inductor ' 1 .40 .40
Resistor, Wirewound : 4 1.03 _4.12
Resistor, Film ' 21 .23 4.83
Transformers 7 .20 1.40
Connector Pins 9 .04 .36

20.91
R,(0) =‘e-(20.91)t.
b. ' Conve.rter

STL third and fourth assessments (Document 2311-6020-RU-000, 31 July
1962); the failure rates of PRC TAM No. 7 were used.

The converter parts complement, below, is the same as

.that used in PRC's preliminary assessment, R-243. The failure rates of

PRC TAM No. 7 were used.

Item (j) nj )tj nj}\j
Resistor, Film 5 .23 1.15
Capacitor, Ceramic 5 .01 .05
Transistor, Silicon 4 .30 1.20
Diode, Silicon 6 .15 .90
Diode, Zener 1 .26 .26
Transformer 1 .20 _.20

3.76
R, (1) - ef(3.76)'t
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cuit groups are shown in Exhibit 16,

C.

Mode Memory Circuits

The circuit groups and parts complements of all cir-

Failure of these circuits was as-

sumed in the event of failure of any block which, in turn, fails if any

one of its constituent parts fails.

from STL Drawing 201523,

PT2-1021 were conservatively estimated by PRC, since information

was. not available.

Parts complements were derived

Parts complemerits of boxes PT2-1020 and

50

RDm_ = 1
' 2 _ =3t -.15¢t -.285¢t,!
RD" = R,D + ZRD(I - RD) = (e + 2e - 2e )
2 =3t =15t . -.165¢27
RD' =Rp + ZRD(I - RS) = (e + 2e 2e )
Item (j) n. ) ] =) T
' J J JJ
Resistor 94 .23 - 21.62
Capacitor 15 .08 1.20
Diode 80 15 12.00
Transistor 29 .30 8.70
Transformer 1 .20 .20
Coils 6 .20 1.20
SCR .30 .60
45,52
D' =27
D" = 1
D;m- = 5
- - -, -3 -.15t -.165t 27
R, (0= e 45.52t 3t , malSt =285t (-3t 5o =2 )
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8. Special'Equipments

This section considers those equipments whichmay be common

to some but not to all channels.

a. Regulator Filter

This group is composed of the -3 volt regulator circuits,
the +10 volt filter capacitance, and the -20 volt filter capacifance. For
those applications in which only the -20 volt and/or +10 Qolt supply volt-
ages were used, these reliability functions were ignored.'(set to 1.0). For
those applications in which the -3 volt and/or the +10 volt and/or the -20
volt supplies were used, as it will be seen, the reliability function is ad-
equately approximated by that of the -3 volt regulator only. The makeup -
of the -3 volt regulator is shown in Exhibit 17,

-.23t

o064t _ -.128t)

R__3 = (e-'46t + 2e - Ze"321‘5,t)(2

-.675t  -1.35t
2e ~-e 77

“( ) °

Reliability of +10 volt filter capacitance:

6 6

-.08x107%  _.16x10"%
R+10=Ze -e

for t =10, 000 = 2(,9992) - .9984 = 1,0

Reliability of -20 volt filter capacitance:

-6 -6
R..zo - 2e-—.08x10 t e-.l6x10 t=1,0

Rgglt) = R 3+ Ryjg+ R o= R_5(t)
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-20

-3
D
(33
D 1°
D
c
- D -
D.
N
L
=

Failure Modes, -3 Volt Regulator
Successful circuit operation if:

1. Neither R short
2. Not both R open

Neither diode-leg short
(i.e., all five diodes)

4. Not both diode-legs open
(i.e., one diode in each leg)

5. Not both C short

EXHIBIT 17 - -3 VOLT REGULATOR DIAGRAM
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b. Rate Gyro Electronics

The parts complement used for the rate gyro

electronics is as follows:

Item . ~ Quantity xj nj )\j
Resistors 16 .23 3.68
Capacitors 7 .08 .56
Diodes 4 .15 .60
Transistors 3 .30 .90
Transformers 3 .20 .60
Motor 1 4.80 4.80
Relay 1.55

' 12,69
Ry, (1) = e-.(12.69)t

ived from STL Drawing 201545,
with telemetry components omitted. The gyro wheel and support
structure itself is considered an integral part of the motor in this

analysis.

C. Small Earth Discrimination Circuits

Circuit groups and parts complements of all circuit
groups are shown in Exhibit 18, Failureis implied by a piece-part fail-

ure in any circuit,

Item nj >‘j nj )‘j
Resistor 63 .23 14.49
Capacitor 34 .08 2.72
Diode, Silicon 14 - .15 2.10
Transistor 21 .30 6.30
‘Transformer 6 .20 - 1,20

| 26.81
R,, = ¢ (26.81)t
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d. Horizon Scanner

The configuration of the horizén scanner was taken
from ATL Drawing SK40-1 4, Electronic Schematic, OGO Horizon Scanner,
4/14/62, AThis drawing, plus others from ATL Design Report No. 3,
and the failure-effect analysis set forth in ATL Progress Report D-837,
June 1962, were the information inputs. Using PRC failure rates
to generate the basic probabilities involved (e. g., RC = reliability of a
summing amplifier was computed using parts count of Table VI (D-837),
ATL Kfact(')r' (application factor) and the 53 favorable combinations
(acceptable states) in D-837, Table 17, thehorizon scanner reliability

function evaluated at guarters is as follows:

1/4 year 1/2 year 3/4 year 1 year
(1) 0.92731 0.81447 0.68987 0.57012
(2) - 0.91 174~ — ——0,78271- ~ ~ 063448~~~ 0750825 " T T T

- .r—o

Thé numbérs in row (1) may be considered the "gray-is-white"
outlook, By this is meant that ATL, in many instances, recognized that
a component failure might reduce the accuracy of the horizon scanner,
but, in their opinion, operation would not be considered totally lost. The
design review sheets of Design Report No, 3 were reviewed by PRC and,
for éxample,-wherever suchwords as "slight inaccuracy" were associated
with a failure (but ignored by ATL), PRC considered such degradatvion(
catasti‘ophic and as.signed different K factors. Such a "gray-is-black"
attitude produced a new set of basic probabilities which were once again.
combined (as dictated by the 53 combinatorial equations of D-837), ‘and
this resultant reliability function evaluated at quarters appears in row (2).
This number represents a bounded interval within which (assuming the
model is cdrrect) the reliability lies. For use in the roll and pitch

channels, the numbers in row (1) were used.
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9. ACS Subsystem Reliability

The reliability of the subsystem is the product of the inde-
pendent equipments in each channel times the reliability of the equip-

ment common to each channel.

a. Individual Reliabilities, Mode I

R, 1 - R1R2R3R4Rg1)R(71)R(81)R9
Ry, = &-a- R-z4)R,16R17R18R25R26R27R29331R32R33R35R36
- RsfR45R47R48>R1R2R3Rg{z)R49
| Rp,1 = {L- (i - Ry )RRy Ro7Ry RooR e, R1R2R3R(317)R49
» __frg,fl = ﬁ - (1= Ryg)RsRy 4R;_§R}§R1‘7i8R19R22R63R64R65R66R67
: Rr(els)l""?zzp--z;}RlF‘2P‘3Ff¢f)?‘fel7) | -
Racs,1 = RS;IR(2»17?R49Rélf){1 - (1= Ry )Ry Ry 4R g Ry 5R 3R 3)
‘RygRp7RygRy RypRasRy Ry sR 7Ry + (R25_1)‘36R37)
‘R51R5236; f'(RlsRl R18)R13R 1 4R 15R19R22Re3. ..
R67R§>18)R74R75
- (RygR R g) - (R gRy(RyD
Rpcg, 1 = 93322
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b. Individual Reliabilities, Mode Ila

Rg 1Ia R)RoR3R R RIRgRGR 0R ) 1Ry R, 0R, )
Ry,ma = Ry,1
Rp,ita = Rp,1
Rp,mma = Rg,1
Racs,mma = Rs;ma®acs,1/Rs,1
Racs, Ima = 1
C. Ind@vi}_dufa.l Reliabilities, Mode IIb L
o - .. o
Feoms = Bsma
R = R.R.R.R.,R rROUR. R.R._R. R..R..R..R
Y, IIb 1727316 1 7R18% 24 25 260 27T 29031 32 33
- o (1), (1)
RyaRy3 R4 Rys " Ryq
R .. - R,R.R.RMR. R R, R. R _-++R.,R
P, Iib 1R2R3R RosR3 (R RgReg 56862
R - R.R.R.R,..-.R..R..RUR R _...R..R. R
R, IIb 1RR3R 5 19822R 4 RygRy3 72874875
Rpacs, b = Rs,ma®y, mp/RiRR3IRg00 - RgRe))
*(Ry3R 4R 5R 1 gRaR g3 ReypRyuRo5)

Racs, b = +99988
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d. Individual Reliabilities, Mode Ilc

R = R

s, Ilc S, IIa
Ry e = Ry, mb
Rp e = Rp,mp
| 3R,11c = Rp,mb
'RACS,IIC = Racs,mb
Racs, e = -99115

«

e. * Individual Reliabilities, Mode III

n nidiin. - D

" - n D R R v as v eI R
Rgm 7 B B R S (RS 215822
R - R,R.R.R,,R..R, . RURMDR r_gr R, R, R, R, «e-
Y, 11 1RaR3R Ry R gRo RO GR, (RoZR g 32R33R3gR49
6 SIS D IR
RyaRysRaa Ry " Ryg
. (1) (1), - B
Rpar 7 RiRpR3RpaR(RysRa(RaqRoR50 R
R, - R.R.R.R..RYR R, R, R,..-.r, R
R, III 127 3R23R 24 RygR R 1R 63 74875
Rpcs;m = Rs,m®y, mr/RiRR3R R 7R )
. (L)L), (1)
(Rp 1/ RyRpRRy RO SR HR R 1/ RyRyR3R, 3R (R )
A Time
Term 2154 - | 4344 6534 8724
Rycs i | 42220 | 19069 | .08431 | .03561
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b

fl

Time-~Cumulative Reliabilities.

Racs,1 ° Racs,1
* 32
Racs,1 = +93322
* * 1
Racs,1ma = Racs,Racs, ma®sReRRgR10R 11812820821
3
Rycs,ima = 91772
S ow s : v , '
Racs,mb = Racs,maRacs, mm®3s  RaaRagRs0R53" " RyeRegt Ry
Racs,mp = -86230
o ok - T
Acs,llc = Racs,upRAcs, IIc
Racs,irc = -85460
sk * N !
Racs,m = Racs,ncRacs, m®23Rs7Rs8R59R60R61R73)
_' Time
Term 2190 | 4380 | 6570 8760
' : .06758 | .02854
R s, 11 33843 | .15286 | .0675
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10. Strengths and Weaknesses

The nature of reliability assessment is to allow recognition
of "weak" links. Within the ACS subsystem, the que stion of which servo
channel is weakest must be .considered. Also, within the individual
servo channels, the circuit groupings may- be inspected for relative
weakness. |

In the opinion of the writer, the meanings of the questions and their
answers must be considered, Certainly the yaw, pitch, and roll channels
. have roughljr the same mission (i. e., to orient one of the spacecraft's
body axeé). In addition, the orientation of the normal to the array is
equally important. Thus, the four channels are adjudged to be like en-
tities, for which a comparison is justified. However, within a channel,
the question of comparison loses meaning when trying to compare, for
example, the reliability of the roll channel magamps and valve drivers
(in the attitude control unit, STL Drawing 200834) with the reliabrirlity of .

the horizon scanner. Certainly both assemblies must function, but the "~
function of the horizon scanner is considerably more complex than that

Al e R AP, R I Al ern

of the channal magamps and valve drivers..

VWi'thin tﬁe individual channel analyses (i.e., Sections 3, 4, 5, and
6, along with associated Sectior;s 7 and 8), the numbers, functioris, etc.,
are presented and comparisons may be made, but the meafiing of each
comparison is dubious. ‘ .

Exhibit 1 represents the four channels versus mode versus time.
It is seen that the weaker channels are the pitch and roll»cha_.nnels. ‘qu-
‘ever, these weaker chanhéls do not unduly cbmpromise the subsystem
reliability, since the other channels are not "pillérs of strengthM

There are several design weaknesses which could be corrected.

These weaknesses will be discussed in the following section.
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11. Recommendations

a. Recommendation 1

The four inverter stages on Z25 inthe sensor electron-
ics and logic assembly (Drawing 201523) seem unnecéssary when it is
considered that each "track-check" signal in the horizon scanner assem-
"bly is derived from a "trigger" circuit which could just as readily pro-
vide both track-check and its logical complement. The track-check trig-
ger circuit of Q6 and Q7 on ATL Drawiﬁg 3771 seems easily alterable to
pick up and bring out both of these signals. Such a chang-e would allow
elimination of 225 (circuit board Drawing 203687, which uses 16 resis-

tors and 4 transistoré), with improved reliability and weight reduction.

b. Recommendation 2

Within the present sensor electronics and logic assem-

bly, the use of redundant piece parts is nonuniformly applied, with the

. resultant .compromise of intended-reliability. - -Specifically; in Z28 (Draw-- — -

ing 203707), there are four 3-input "diode" AND gates. . Each diode

is actually twp 1N485-B divdes in elecirical series connection. ‘L'he
output of each AND gate is fed to one input of a five-input diode OR gate.
Each diode is actually two 1N485-B series-connected diode chains in
parallel, using a total of four diodes. The o.utput of this OR gate (through
an inverter stage consisting of Q53 and associated resistors) drives one
input of a three-input diode AND gate. These diodes are bona fide single
diodes of type 1N485-B. The observation here is.that the diodes of logic
gates .driving logic gétes should individually have the same strength
(reliability-wise) or the chain strength is eséentially that of the weakest
link.

C. Recommendation 3

There are two outputs of Z28. One is a control signal
to relay K3 to start the generation of a delayed pulse. The second is to
an AND. gate.  The relay K3 is actuated, and the input signal to diode

CR269 in Z27 is positive, when the following condition is true:

E(AB + AC + AD + BC + BD + CD) (1)
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The parenthetical expression means "Two Heads Are Not Tracking"
(THANT). The E symbol implies that the system is in Mode III. This
composite signal into the three-input AND gate (consisting of CR269,
CR146, CR147, and R179) is "ANDed" with E again (through CR147), and
if the THANT signal remains true for the delay-time interval, the de-
layed pulse into CR146 produces a true condition at the output. (Through
Q51 and Q52, the mode memory and, therefore, the ACSare setbackto
Mode ITa.) It is intended to keep relay K3 from operating exéept when
E(AB + AC + AD + BC + BD + CD) is true. This condition implies that
diode CR147 is of no use and should be removed.

d. Recommendation 4 .

It is recommended that use of redundancy on a '"piece
parts" basis should be investigated for all the diodes and resistors on .
the TB2 (203885) board. These elements function to'distribute the

"states" of the mode memory to various addresses; they are crucial

~ elements. Also, use of redundancy in mode-
investigated. g..xhi:bit 1y s.hrf.-\ws f:h- e‘e‘pve.rticrns cf-thc modevscgucncing
logic. The upper box shows the circuits which produce a "true" output
pulse when in Mode I (i.e., E - F+ G) and the ACS start pulse appears.
This pulse advances the mode memory to Mode Ila (i.e., E+ F - G).
When the array slew operation is completed, the (1800) signal arrival
vproduces a true output pulse to advancé the mode membryto Mode
Ib (i.e., E+ F. G). When the pulse t)

"nal) later, ‘a true output puise advances the mode memory to Mode Ilc

is produced 29 minutes (nomi-

(i.e., .E +F «G). Since the present IIc—~III sequencing logic will be
discussed later, the reason for suggesting the use of piece-parts redun-
.da;ncy in the.basic circuitry of Exhibit 19 is as follows: The logic dis-
cussed in Recommendation 3 (i. e., the THANT logic) is, reliability-Wise,
"strong!' This strength is twofold. First, the probability of the THANT
logic producing a true output (when "true" is logically valid) is high. v
Second, the probability of not producing a true output (when "intrue" is
logically valid).is very small. Yet, the strong THANT logic only initiates

a reacquisition cycle. The subsequent mode-sequencing progression
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EXHIBIT 19 - MODE TRANSITION LOGIC CIRCUITS
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through the circuits of Exhibit 19 is just as important as initiation when
desired. Thus, there is a second nonuniform use of redundancy as dis-

cussed in Recommendation- 3.

e. Recommendation 5

The mode-sequencing logic circuitry, which advances
the mode memory from Mode Ilc (i.e., E . F .G) to Mode III (i. e., E),
is shown in Exhibit 20. A criticism of the existing configuration is that
‘the state, IIc (i.e., E-F Q) (actually, its logical complement), is
brought into each of four 9-input OR gates of Z26. Removal of diodes
CRr1o00, 101, 102, 91, 92, 93, 109, 110, 111, 118, 119, and 120 would make
the logic condition of the output bus "true" only for ALTHATALE, which
: sta.nds for "At Least Three Heads Are Tracking A Large Earth! The
addition of the simple AND gate shown in the box would require reversal |
of CR66, addition of resistor R, and addition of diodes D1, D2, and D3,

driven by memory states E, F, and G, respectively. In summary, 12

diodes are "out" and 3 diodes and 1 resistor are “Min. "™ - --—— -

i. RKecommendatiion 6

' Exhibit 20 shows the four small earth discriminator
circuits, Z21 (Drawing 203665). Also shown are the four coupling cali-
bration circuits for each of the position signals from the four position
a’mplrifiers in the horizon scanner assembly. For tracker head A, for
example, C75, T7, and R99A form the coupling calibration circuits. In
.addition, the 2461-cps reference signal is introduced by Té6 into the
four Z21's and also by T1l into the four Z21l's. The circuit of Z16 pro-
vides limiting/buffering for driving T6. '

The essence of this recommendation is to question the need for
Z16, the position-signal coupling circuits, and the Z21's. To develop
the argument, consider the collector signal of Q48. If the logical term
(Aa)(Bﬁ)(DB) «(E-F-G) is vtrue," then collector voltage is high. The
meaning of each parenthesized factor in the term, using (Aa), for ex-

ample, is as follows:
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(1) Head A is "ocked on" and tracking athermal gradi-;
ent (because-of the design ofthe scanner, only "down"
scans are valid, and the first thermal gradient of in-
terest is the space-horizon interface), and (2) the
angular position of its axis is greater than 4.40 with
respect to the yaw axis of the spacecraft.

The preceding statement must be true for head B and head D as
well, and the mode memory must be in Mode IIc for the collector of
Q48 to swing (from false to true) positively and generate a pulse to ad-
vance the mode memory from Mode IIc to Mode III.

The indented statement in the preceding paragraph describes a
condition on a tracker-head position output signal which could just as

-well be q.ualified by the presence of A, for example, alone, provided a
particular head search-angle interval was permitted to range cyclically
only from 4. 4° to 90° (instead of 0° ;co 90° as at present). Forthe Ilc ~ II

 logic, then, the term (Aa) would be replaced only by A, (Bf) only by B,

__and (D6) only by D. If the OR gates of z2 ‘6¥>(7Exhlb1t 20)’_'a‘f'e”retained,

ements A,' B, and D would be used {see Recomunendaiion 1)

. and, in each of the four OR gates, three diodes could be removed.

This is in addition to removal of four Z21's, Z16, and the coupling/cali-

bration circuits. '

The natural question is, "What prlce must be paid to alter the
scan-angle interval from 0°-90° to 4.4°-90°2" The sawtooth current
waveform in each tracker head is generated and controlled in the Schmitt
- Trigger and Drive Amphfler (ATL Drawmg D-3767). One peak of this -
waveform, corresponding to 0° at present, could be moved to corre-
spond to 4.4o_by a simple "clamp circuit," using perhaps two diodes and -
two resistors. The intention here is to recommend an easily implemen-
table "electronics change" to move the 0° point to 4.4°. No physical
.change of the positor is thus required. A physical chahge, of course,‘
actually limiting angular excursion to 4.40, would be a second method
of moving the 0° point to 4.4°. '

The argument may be advanced that position signals correspond-

ing to angles less than 4.4° may be er;couhtered during the natural
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earth-track mode. From the OGO data book, the pitch and roll maxi-
mum offset angle is :{:0.40. Thu'.s,- "locked on,® even in OGO orbit at
60,000-mile apogee (total ‘intercept angle of approximately 80), a head
is generating approximately a 4° signal. 'When designing to preclude
"'locking on" the moon (i. e., a small earth) by 4.4° thresholding, much
‘lower angle thresholds could suffice. First-order calculations show that
under "worst" (i.e., biggest angle) conditions, total moen-intercept
angle is about 0.7°.

In summary, it appears that most of the circuitry of Exhibit 20
could be eliminated if tracking-check signal A (and, of course, B, C,
and D) meant "Head A is tracking at an angle > 4.4°" Thus, only part
of Z26 and Z25 would be left. '

g Recommendation 7

Recommendation 6 is considered feasible to implement,
with the attendant s1mp11flcat1on and weight reduction. For the sake of

mdlscussmn, assume that Recommendatlons 5-and 6 Have been followed.

e

b SO BRED R

S RKakaiay - d .i.\,ou,u,o ~As u:.cx,u.a.zuacu. ihe UuLDuL lenﬂb T.I‘lle when
_ Y(E F G) is true. The boxed-in c1rcu1try now resembles the mode-~
sequencing logic of Ila-1IIb in Exhibit 19, A further simplification re-

sults when it is realized thatr

I(ABD) + (ABC) + (.A("D) + (BCD =(AB+AC+AD+BD+CD) =

Therefore, it would seem that, except.for the function of the boxed-in
circuits, the remainder of the circuits (see Exhibit 21) could be elimi-
nated if two relatively simple changes are made as follows:

First, instead of E, F, G, pickup E, F, G in the mode memory
and (for the moment assume it possible) bring in Y. Reverse CR66
again and D1, D2, D3. The OR gate of Exhibit 22 results. Réetention
of one invefter stage (such as Q48, R161, R169, and R165) provides an
output pulse when Y(E + F . G) is true. Alternatively stated, given
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EXHIBIT 21 - POSSIBLE REVISED EARTH ACQUISITION
LOGIC CIRCUITS
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EXHIBIT 22 - POSSIBLE REVISED EARTH ACQUISITION
LOGIC CIRCUITS
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that Mode IIc exists, advance the mode memory when Y is true. This
is the function of the Ilc - III mode-~sequencing légic.

The only unanswered.question is, "Where does Y appear?"
Exhibit 23 shows a possible simple revision of the functional circuitry of
Z28 (Drawing 203707). D17, a diode quad which at present brrings in B,
is removed and (in reverse) inserted as one of the iﬂputs to a two-~
input AND gate. Drive is now supplied to this géte from E (in the mode
memory). Diode Dy is added, along with resistor RX , to form the
two-input AND gate, and Y is now available at the collector of Q53.
E(Y) at the v‘output of the AND gate is the usual drive signal to R123, etc.,

which controls the. time-delay-pulse generating circuits.

¢

h. Recommendation 8

° The parts count for the time-delayed-pulse generator
circuits was assumed. Without benefit of knowledge of the makeup of

PT6-1020 and PT6-1021, an estimate was made. Since the time delays

(according to the OGO data book) are 29 + 4 -min =-t; and 2.9.% 0.3 min =

-1

it weould appear that'a simplec time-delay relay would suffice.  This
suggestion should be seriously considered if the clock-counter system
presently used is inordinately complex. More will be said concerning
this suggestion in the third assessment or as information becomes

available.
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TECHNICAL ADVISEMENT MEMORANDUM NO. 11

To: Assistant OGO Project Manager, GSFC, NASA

From: PRC OGO Reliability Assessment Team

Subject: Second Reliability Assessment, Power Supply Subsystem
1. Introduction

The second reliability a‘,ssessment of the OGO Power Supply
Subsystem \itiiizes very little of the preliminary assessment (cf. Refer-
ence 1) because the subsystem has been substantially redesigned since
that time. Therefore, the description of the subsystem in Section 2 is
considerably more complete than would otherwise be the case in a sec-
‘ond assessment. In the event of failures in the subsystem, some auto-

matic correction ability is included; however, failure correction is -

VerY,,m,uCEdepqnglent on the diagnosis ,,9;f,,,,s,9J9§y,s,t991;t,9,_1_§,,rgg;try, dataat

e o -

~ground stations, the selection of proper correciive cummands, and the
transmission, reception, and s_uccessful completion of these commands.
In addition, the effects of the POGO orbit on the subsystem {e.g., solar
»c'ell deterioration due to radiation, the stringent charge requirements .
Idue'to limited sunlight i:ime, etc.) are included. The effect of long EGO
. eclipse time on the subsystem is also considered.

It is seen that, due to solar cell deterioration during a l-year mis-
lsion in a POGO o-rbit, the battery recharge capabilif:y of the solar array
is marginal at the end of the mission. Also, the many cycles of battery
charge and discharge, as well as the depth of discharge in the worst-
case POGO orbit (820 orbit inclination and noon launch) rﬁay cause bat-
tery deterioration to a point where one battery is no longer able to handle
-the load. This pb'ssibility needs to be thoroughly evaluated in a compre-
hensive testing program. T _

 Modes of failure are identified and subsystem states are defined
in Section 3. Section 4 presents the reliability assessment using the
figure-of-merit approach. Strengths and weaknesses of the present
design are discussed in Section 5. The final section delineates the rec-

ommendations for overcoming these weaknesses.
' 1



2.  Subsystem Description and Assumptions
a. Description

Exhibit 1, redrawn from STL Drawing M205897, is a
simplified schematic block diagram of the Power Supply Subsystem. It
will be helpful in the discussion that follows, much of which is drawn
from a yet unpublished STL description (Reference 2).

The solar array is basically as described in subsection IV.C.1l.a
of Reference 1. However, the number and arrangement 6f diodes and
controlling transistors (or power amplifiers) have been changed. The
48 strings of 96 series groups of 7 solar cells in parallel are still divi-
ded into 24 strings per paddle. The 24 strings on each paddle are now
divided into 3 equal sections of 8 strings, with the output of the paddle
being used, in the normal (or primary) mode, to recharge independent

batteries and to supply power to the 1oad bus through is olatmg 1nd1v1d-

, ual power‘ transistors in shunt from the mldpomts of ‘their minus diodes.

Twro ,-‘l.' I S\ R

A SRS RIAT CLIL LU

PENPRIYEL |, s TR O b | l‘_‘_‘-}_‘b" ,g M = —
acticns. on s&8ch padase wfe controidca Z riieadidy

('n
m

these, in turn, are controlled by charge regulators deriving ihput data

- from the respective batferies. The third section of cell sfrings on each
_paddle consists of uncontrolled strings that are connected to the loadbus,
and to their respective battery charging buses, through separate isolating
diod'es.r The power supplied by the uncontrolled section is less than the
"average load power; thus, additional power is required from the con-
trolled sections to supply fhe remaining load and to charge the batteries.
When the power transistors shunting the controlled solar array sectibns
are saturated, the maximum array voltage is redu‘ced to less than the
normal battery voltage. Thus the battery charge current can be con-
trolled from "full on" to zero, giving complete control of the battery
charge current for normal loads and solar array temperatures.

STL states in Reference 2 that, when the érray is cold (after eclipse)
and the battery-voltage is low, the array voltage is higher than the bat-
tery voltage, even though the shunting power transistors are driven to
their minimum impedance condition. In this situation, full controlis

not possible until the array warms up (approximately 20 minutes for the



NZISASENS. ATJJNS YIMOL ‘WVIEDVIA D01 DILVINIHOS - 1 LIGIEXE

v YDIIMS 566 m.E: ‘sdury °‘s3110A ,
Z "ON 4aou1eg woijg ) .
&~ (¢ . — i — e
- _ M —{

9 O _
'3ayg
‘ueg |- L _ |} "ON .
Z "ON | 921 : r alppeg 1eiog!
ol B O Fv
e % ‘ ,,_
Csng ‘ .
peorT $ : & ! ; NW JAN
‘1eg TMG w
TroN o821 [T L
. S
\@ - ]
UY231MG ,Gb put ‘sdury ‘SITOA
1 .oZ.%.Hm.,,u.mm wox g

i

°TppRd I®I0S
. X-




longest eclipse). The transistbrs do, however, dissipaté one-third of -
the cold array output; therefére, solar array current would not be as
high as that resulting if no control were attempted. In a POGO orbit
this is not the problem that it is in an EGO ofbit, since the array does
not reach as low a temperature during its éhofter eclipse time.

Exhibit 2 presents the sol.ar array output at 80°C for a new array

and for one which has been exposed to the radiation effects of 1 year in

. a POGO orbit (cf. References 3 and 4). Deterioration data are confirmed
by statements in Reference 5 concerning the array used in the Telstar
communications satellite. '

In the normal operating mode the subsystem is configured as shown
in Exhibit 1. Thé following is a description of the manner in which the
subsystem functions under the condition that there are no failures in the
over-all subsystem. The changes which can be effected either by auto-
matic sensing and switchover or by means of ground command through

- the Command -Distribution Unit.(CDU) will be discussed in_Section 3._
During eclipsev, each battery supplies approximately one-half of
the load ihrough iv’solating diodesrto the load bus.'. ;At the ‘ -“d of the

eclipse/discharge period the terminal voltages of the two batteries are
equal and their depths of discharge are also about equal, maintained
that way during the discharge time by action of the diodes. Though both
batteries may discharge at about the same rate, there is no simple,
good way to assure that each will charge at about the same rate without
providing independent charge regulators. This fact, coupled with the
need to provide redundancy in the subsystem, is the obvious reason for
the use of two regulators in OGO. | |

At the end of eclipse, thé_ batteries are recharged at a rate com-
patible with the depth of discharge (a function of eclipse time) and the
amount of sunlight time available before the next eclipse. Four c’harger
rates, including a trickle rate maximum, and two intermediate rates
can be selected by ground command. Eclipse and sunlight time can be
predete'r_mihed and do not change very rapidly (cf. Refer‘ence'())., For a
90° POGO orbit, the charge rate might be changed only four times in a

l-year mission. To preserve the batteries, the minimum rate that
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would assure full recharge should be selected. The charge regulator
functions as a servomechanism to control the charge current at the se-
lected level. The output of the regulator drives the power am‘plifié‘r s
(power transistors), which shuntthe array, as previously described, so
as to fﬁrnish the required load current and selected charge currelnt. A
battery current monitor determines both the level and sense of battery
current (i.e., whethe-r the battery is charging or discharging). Should
- the battery discharge for any reason the array is turned full on. Should
the rate of charge fall below the selected level, the shunt impedance
across the array will be increased and the array will deliver an increased
éharge current. The reverse situation also holds. The charge current
level is maintained constant until the battery approaches full charge.
Approaéh to full charge is indicated by increasing battery- terminal vol-
tage and battery case temperature as backup. ) '
At a preselected level of battery terminal voltage, one of two se-~

- -lected by ground comimand (lower for a new battery and higher for an

. older batterv). the battery charge cu rrant ig switohad tn g teiohle obo s e o

IR IEE T g

" of 330 ma. by action of the voltage monitor in a bistable time-delay circuif.
After a time deiay of from 5 to 15 seconds (set before launch), during
which time the terminal voltage drops somewhat, the bistable circuit
switches the charge current back to the preselected charge level. When
the battery terminal voltage again triggers the bistable circuit, the
cycle is repeated. As the battery charge approaches its maximum ca-

. pacity the time required for the terminal voltage to again reach the se~

- lected level decreases, with the result that the average’ charge current
during the éharge cycling is only slightly higher than the trickle charge

- current. For thé balance of the sunlight period of the orbit, this equilib-
rium charge current is maintained by the cycling of the bistable circuit,
and the array is set to furnish the sum of the load curreént and this equiF
'lib-riurn‘c‘:harge current. .if'for any reason the battery temperature should
-exceed 95°F, either before or during the operation of the bistable cir-
cuit cyéliﬁg, the charge level is switched to the trickle level by the ac-
tion of thermoéwitches mounted on the battery cases. As the tempera-

ture falls below the differential temperature of the ﬁhermoswitch,-_the



charge level is returned to the control of the voltage monitor é;nd the
‘bistable circuit.

Another thermoswitch will cause a bat'téry to be switched entirely
out of its charging circuit if, for any reason, 'the battery temperature
exceeds 125°F, Thi's situationwill be discusséd more fully in Section 3.

The foregoiﬁg charge regime takes place in each independent bat-
tery circuit. A certain degree of interrelationship exists between one
battery and the other, since each is connected to the load bus through
diodes. Continuousinterchange of load current takes plé,ce so that both
battery circuits effectively recharge at the same rate and handle one-
half of the load. It is beyond the scope of this report to analyie these
balance conditions.

The capability of changing, by ground command, the configuration
of the poWer subsystem to compensate for several potential failure modes

and degraded states of performanceis built into the subsystem. To sup-

‘ply the information concerning subsyﬁ‘sferri;erforrnaﬁé_é/ needed by ground ~
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-many data pointsare entered intothe telemetry subsystem. Among these
are (1) the position of ail command relays, suchas trigger voItage level,
chafge current level, etc., (2) the position of failure transfer relays,
(3) solararray current, (4) batterycurrent, (5)battery current direction,
(6) the voltage of controlled portions of the solar array, (7) individual
battery temperature, (8) individual battery terminal voltage, and (9) load
bus voltage. A di_scussioh of the use of these data and commands to cor-

~rect for malfunctions will be included in Section 3.

b. Detailed Assumptions

The reader is referred to Reference 1, subsection
IV.C.1.b, foradiscussion of theassumptions made for the preliminary
assessment. Some of theseassumptions mustnecessarily be changed in
view of the new subsystem design and/or information. Specifically, as-
sumpti.ons '('1), (2), (4), (5), and (6) of Reference 1 remain unchanged
and are equally valid for the second assessment. The remaining as-

sumptions, appropriately changed, are now presented;



Assumption (3): Solar cell efficiency is assumed.to decay expo-
nentially. The concept of half-life rather than mean-~time-to-failure is
used in the mathematical expression which describes this decay.

In the first assessment a linear decay of solar cell efficiency was
a.ssumed'.r Mean-time-to-failure in terms of reduced efficiency would,

at most; have to be defined in rather empirical terms. On the other

 hand, if the concept of half-life is introduced into the consideration of

quantifying decay of efficiency, an explicit mathematical expression can
be stated to describe that decay. As was stated in the préliminary as-
sessment, one expects an exponential decay. By definition, the time

in life T at which the output of a solar cell decays to one-half of its

" initial output is its half-life. A cell's output at any time t can then be

stated by the usual exponential expression:

-.693%

"""‘T”‘""‘" e e e ire e e Atz o e e

T e e T Sy

o

where t = any arbitrary time
T = the time at which I/I_= 0.5
"I(t) = the cellts current output at time t
I, = the cell's initial current output

Assuming the average battery voltage‘durin'g. charge to be 30.5
volts, initial and l-year solar array currents from Exhibit 2 are I, =
20.8 amperes and I(l yr) = 16.2 amperes., Based on these values, the

half-life of the solar array can be calculated by solving for T in

. Equation (1); namely,

(.693)(8760)

T = 151(16.2/20.8)

Using this half-life value, the output current at any time t. can then be

determined via Equation (1),

= 24,300 hour.s . (2)



The further reduction of output current to be expected from the
random opening of random cells of the array is insignificant, as can be
seen by considering the expected failure rate per cell and the number of
hours in a year. Using the failure rate for solar cells of 0.7 x 10-6
(cf.vReférencre 1), the expected fraction failing in 1 year's time is
0.006132, or about 200 cells, ~Thus, the reduction in output currentin
a year's time due to opén solar cells can be ignored.

Assumption (7): The opening or shorting of baLttery cells, either

-gingly or in combination, results in complete battery failure.

In discussions with STL subsystem engineers it was determined

- that, considering the actual construction of the battery pack, it is not
.'now certain that a battery can successfully withstand the shortening

of even one cell. Should one cell short, its temperature would very

probably increase to a'point where the thermoswitches mounted in the

battery pack would be activated.. This event can be neg?j_;_e_dvrby the

ability to override these switches. However, the overheating of one -

,,.“c4e11 could result in the overheating of its neighbors, leading to the

ultimate destruction of the entire string of cells. The likelihood of

occurrence of shorted cells must, therefore, be established with high
confidence. Since this is primarily a function of manufacturing tech-
nique, and not a characteristic inherent in Ni-Cad batteries, the de-
termination of the probability of short circuits must come as the re-

sult of an extensive testing and development program. PRC understands

“that such programs are underway, and is quite strong in its feeling that

the full résults of these programs should be made available to PRC for
inclusion in the third reliability assessfnent of this subsystem. Any
gross inaccuracy in the selection of battery cell failure rate can lead to
completely erroneous conclusions concerning Power. Supply Subsystem
reliability. _
Assumption (8): The power storage capaéity of the subsystem is .

aséﬁnﬂed to be that of one battery, not both,



The full effects of the number of charge and 'discharge cycles, depth
of discharge, rates of charge and diséharge, and battery temperature on
battery capacity decay have not been divulged toJ PRC either by the manu-
facturer or by STL. Perhaps these effects are not yet fully known to
them. However, statements in the literature, by both STL and others
(cf. References 7 and 8), indicate that battery capacity definitely decays
as a fimc’cion of these parameters. This infor.mation, along with that
discussed in assumption (7), should be available to PRC by the time of

. the third assessment. _
As will be seen in Section 4, it is necessary to consider the bat-
. teries as redundant in order to achieve a reasonable subsystem relia-
bility level. Under this consideration, it then necessarily follows that
subsystem power storage éapacity is that of one battery, not two, since
the probability of the subsystem!'s having to function with only one bat-
tery is appreciable. The influence of this situation on OGO differs ac-
:cording to whether it is being considered for use. in POGO or EGO "~
orbits. -
. InAa POGO orbit of maximum eclipse duration {37 minutes, as
given in Reference 6 at a load of 240.96 watts at 28 volts, per Refer-
ence 9), the depth of dlscharge for each battery, when two are being
used, is of the order of 22 percent. The operational requirement stated
;vibn the STL battery specification, Reference 10, calls for a depth of dis-
chargé.of 26 percent. This situation is all right. However, should only
one battery Be vava,ila'.ble to handle the load (i.e., one branch has failed),
its depth of discharge would obviously be 44 percent. Although this is
an "oﬁt-of—épecification" opefational requirement, it is assumed, for
this assessment, that the subsystem will function satisfactorily at this
depth of discharge. This point will be included as a subsystem weak-
ness in subsection 5.b.

‘For the EGO orbit, Reference 10 p'ermifs a depth of discharge of
75 percent (Beqause there are fewer charge/discharge cycles during the
mission). For a one-battery-capacity subsystem, this permits an EGO

discharge load of 0.75 x 12 = 9.0 ainpere hours. At a load current of
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" vironments (cf. References 11 and 12).

approximately 8 amperes (cf. Reference 91), the maximum permissible
EGO eclipse is 9/8 hours. In Reference 6 it is seen that EGO orbits can
have eclipses in excess of 3 hours, dépending on the time of day and time
of year of the launching. By judicious selection of launch time, the -max-
imum eclipse time can be Ir'laintained'lower,than 9/8 _>hours. It appears
to PRC that the 2-hour EGO eclipse time mentioned in various OGO doc-
uments depends on the ability of both batteries to continue operation for
a year. The probability of this event's occurring is estimated to be only
0.50 (assuming a nonredundant, two-battery Power Supply Subsystem).

AsSurhption (9): It can be verified that the solar array is capable '
of supplying the power requirements of both EGO and POGO orbits.

In Reference 1l it was reasoned that the spacecraft could function
satisfactorily in an EGO orbit if the solar array could deliver 280 watts.
Decay of the solar cells after a year in an EGO orbit still permits the .
solar array to dévelop 300 watts, as indicated in References 3 and 4.

STL is accﬁep'tedras’ an authority on solar cell perfoi‘mance in space en-

y

tormance aiter 2 year in

The margin of solar cel

Jomb
3

however, requires close scrutiny because of the relatively short sun-
light time available to recharge batteries following an eclipse. Based
on the following data and calculations, it is concluded that, after a period
‘of 1 year in a worst-case POGO orbit (37-minute eclipse), the solar
array is capable of producing the power required to suppiy spacecraft

loads and to recharge the batteries after periods of eclipse discharge.

Data Sources

1. Exhibit 2 presents the initial and 1-year output of the solar
’ arrra.y as given in References 3 and 4. The total output
>voltage and amperage of the array are based on an effective
electrical configuration of 96 series groups of 336 paralleled

solar cells.

1AlthOugh this reference covers POGO only, 8 amperes will be assumed
for EGO in order to illustrate this point.

11



2. Exhibi.t 3, derived from Reference 9, is the spacecraft load
profile during periods of maximum eclipse in a POGO orbit.

3. An average battery charge voltage of 30.5 volts is derived
from Reference 13. _

4. Reference 14 states: "The total lack of sun on the array due
to a worst-case eclipse and noon turn occurring in one orbit
(including array errors) will be less than the equivalent of
5.0 minutes of eclipse (dark time)." This reduces effective
charging time (sunlight) by 5.0 minutes.

5. Charge AH = 1.2 x discharge AH, per Reference 10. (The
factor 1.2 accounts for battery losses during charge and
discharge.) ‘o ‘ 7

" To Veri;‘fy that the solar array is adequate at the énd of (and hence through-

out) a l—yeanr POGO mission, it is 'nec:essary"to determine the required-

charge time following an eclipse and compare this time with the avail-

..able. daylight time. . - Exhibit 4 presents the parameters necessary to

.. calculate the required charge time for a Pdé}go}blt T

The condition to be meft durlng each orbital period is that the charge

AH = 1.2 x discharge AH. This can be expressed by the relation

(Igp - IpNtp = 5) + (Ig, - Iplts - tp) = 1.2 Ity (3)

SA

Rearranged, 'Equation (3) yields the time required for reaching full

charge,

t. = 12Igtg - (Igy - Loty - 5)

0, 1) feto . )
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REQUIRED CHARGE TIME

EXHIBIT 4 - PARAMETERS UNDERLYING CALCULATION OF

Parameters : Value Definition
ISA 16.2 amps Maximum solar array
(at 30.5 volts) current at 1 year

In 8.61 amps Load current during
eclipse

ID 8.04 amps Load current during
daylight (nonturning)

Lp . 9.6 amps | _ Load current during __ _ |
turns

P 99.63 min. POGO orbit period

tE 37 min. Maximum eclipse time

th 62.63 min. . Daylight time (equal to

. maximum charging time)

tT 20 min. Sum of moon and eclipse
turn times ‘

te To be Required charging time .

' calculated .

14



Substitution of the values given in Exhibit 4 yields

. (1.2)(8:61)(37) - (16.2 - 9.6)(20 - 5)
c” — (16.2 - 8.04)

+ 20 (5)

o
I

54:72 minutes

‘Since tD exceeds tC by 7.91 minutes, the batteries can be completely
recharged during the daylight period of the orbit and are on trickle charge
level for 7.91 minutes. The decrease of the charge rate durlng the oper-
ation of the bistable circuit should be thoroughly evaluated in the testing
program to assure tha’c full charge is reached in the time available.
Assumption (10): In Reference 1, assumption (10) stated that the

failure probability of the telemetry circuits and all but one of the current
monltors could be 1gnored All reconflguratlons of the power subsystem

.(as it is now deslgned), with the exception of those sﬁbJect to actuation of

"-L’\ 0!:01? aw A 1’2(101" A-'LA_..__._...--A.-L- R . | PRV RA W K DU | A1 3 I
v < T3

(.r,

. - = ray N
E IR R A A PESESERER RN =S RN S-S R I S5 LS S M-S, LA LIDETU ..,, EAE UG T

mand Certain telemetry data are needed at ground statlons to assure
that correctable failures are not overlooked and that 1noperab1e config-
urations are not commandeti. ‘Therefore, those portions of the telemetry
system located within the power subsystem needed to supply these min-
imum data points should be included in the assessment of sﬁbsystem re-
liability. It is assumed here that such portions have perfect reliability.
‘Their inclusion (with the ‘proper reliability prediotion) must await the
assessment, however, since drawings concerned with the contents of

the TLM module within the power integration unit have not been received

by PRC.

3. Modes of Failure and Subsystem States

Each of the components used in the Power Supply Subsystem
has a certain probability of failure. Whether the subsystem itself fails
when individual components fail is a function of the way in which the par-

ticular component is used. The subsystem may continue functlonlng with

15



the full capability of meeting all system loa;ds; it may continue fu,nctién—
ing but not be able to continue to the end of the mission; or it may suffer
ba.tastrophic failure. '

In this section the several types (or mi')cies) of failure and their
consequences will be discussed. They will then be exhaustively grouped
into the various rgSﬁlting subsystem operability states preparatory to
the development of the model equations and numeri.ca.l evaluation of re-
liability in Section 4. Certainassumptions and approximations concerning
even probabilities will be stated and used in the process of exhausting

each state.

a. Modes of Failure

The Power Supply Subsystem designbeing considered in
this assessment, like the one considered in the preliminary reliability
assessment, is highly redundant. Unlike the firstdesign, however, there
are a few components in the present design whose failure, combined.

" with solar array deferioration, will cause the outrighf failure of the en-

~tire subsystem-during-the latter portion. of the mission: - Their combined —-
failure probabiiity, as will be seen in the next section, does not seriously
reduce subsystem reliability. For the most part, combined failures of
assemblies such as regulators and batteries must occur in order for the
over-all subsystem to be in a.failed state. Thus, catastrophic failure

‘of the subsystem occurs primarily when either the solar array fails or

both battery/charge regulator circuits fail.

The extent to which the solar array can be expected to deteriorate
in a year's time has been discussed. In was shown that, including the
probability of a solar cell opening, the performance of the array after
1 year in POGO orbit is sufficient both to supply the load requirements
and to recharge the batteries. However, if any one of the four diodes in
series with the controlled sections of the array and the load fails open,
or any onev of the four transistors controlling sections of the array fails
~short, the array power available to the load is five-sixths of. the full

array power. After about 7 months in orbit this amount is not sufficient

16



both to supply the load bus and to recharge the batteries. The length of
time for which an array deliVer'mg only five-sixths of its full power out-
put is capable of supplying both system loads and battery charge require-
ments can be determined by combining Equationé (1) and (3) as developed
below. 7 , |

If the required battery charging time tc is allowed to equal the
entire available daylight time in a POGO orbit, then tC =P - B’ where
P is the POGO orbit period (cf, Exhibit 3). By substituting this relation
in Equation (3) for tes the maximum allowable eclipse or discharge

time tp can be express‘ed1 in terms of available solar array current,

'ISA’ namely,

‘

. s 94,63 I, - 784
E 2.3 41

. (6)
SA

"N'é’ictf‘fi‘o‘m"E’qu'ation (1), the expected solar array output current, IS A

".can be-determined for anv-time—t during the-l-year missionfor full

and five-sixths capacity. First, if no series diodes or shunt transistors

have failed, full power output I is achievable, given by
_ SA6 /6

Iy, = 20.8 o +693t/24,300 . (7)
6/6 .

i Second, if any one of the diodes or transistors has failed, only five-sixths

I full power output is achievable, given by
SA5/6

-.693t/24,300

I = (5/6)(20.8)e } (8)

SAg /6

Exhibit 5 is a plot of maximum allowable eclipse time, or battery

discharge time, tE , for any time during the l-year mission, t, for

1 After substitution of the values of the other parameters given in Exhibit 4.
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these two levels of solar array performance. Since the maximum
eclipse time is 37 m1nutes, it is seen that the array has the ab111ty to
supply all load requirements throughout the year.' It can also be seen
that, with one failed diode or one failed transisfor, the array can sup-
ply load requirern_ents.for approximately 7 months of the mission. In

a 90° POGO orbit the eclipse time varies with the rniséion time (cf, Ref-~
erence 6), If OGO is launched so as to provide a reducing eclipse time
at 7 months, and a diode or transistor has failed, the spacecraft can

be expected to live for approximately another 100 days. In this condi-
tion the charge requirements fall o-ff faster than the solar array deteri-
oration, and the spacecraft can continue to live (barring any catastrophié
failure) until the' eclipse time; thus the charge requirement, when added
to system loads, exceeds the output of the degraded array.

The modes of failure of the batteries were essentially discussed
under aésurnptions (7) and (8). of subsection 2.b. If battery capacity
decay with the humber of charge/discharge cycles and othg;;é.ra.meters o
were known, the ability of one battery to handle the load could be devel-

~life method used in the discussion -

Qf,the solar array when it can deliver only five-sixths of its full power.
Since these data are not known; a battery will be considered to have
failed if one cell either opens or shorts. In addition, it will also be as-
sumed that in POGO orbits one battery, is capable of functioning to the
end of the mission with a depth of discharge of approximately 50 percent..
In EGO orb1ts, a. max1mum eclipse. not exceeding 1 hour and a depth. of
.dlscharge not exceedmg 75 percent are assumed. - Under these condi-
tions, the failure of one battery will not cause the failure of the entire .
Power Supply Subsystem; both batteries must fail for this event to occur.
Experience at Gulton Industries, Inc. . on a NASA-sponsored Ni-Céd bat-
tery project, indicates good progress in the development of batteries
ha_virrg the required life (cf. Reference 7).

The remaining major portions of the Power Supply Sub_sjrs‘cem are
the two chargé regulators and associated drive inverters and current

‘monitors. As in the case of the batteries, the failure of one regulator
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will not cause the entire subsystem to fail; both regulators must fail
for this event to occur. The_current—regulating part of a regulator can
fail in such a manner as to turn off the solar array or to turn the array
full on. The voltage-limiting or monitoring-(bistable) part of the reg-
ulator can fail in a manner such that the charge current will not be re-
duced to the trickle l'evel, or such that charging at the level required to
reach full battery charge will be prohibited.

The major portions of the Power Supply Subsystem can be inter-
connected in several different configurations to offset the effects of fhe
various indiiridual failures described above. Certain combined failures
can also be prevented from causing catastrophic subsystem failure.
Some configurations can be established automatically; others must be
established through the proper diagnosis of telemetry data and the suc-
cessful response to ground commands.

Failure situations and the automatic means for eliminating their
_ effects are as follows:

1. Either a shorted battery or a regulator fails so as to turn

the soiar array full on, réml.lhting in.an OVeThe,at;:E"Datl'er\;r‘ In this -
situation, a thermoswitch set to actuate when the battery case temperature
'exceeds 125°F closes, actuating relay switching circuits which (a) open
the charge circuit to that battery while al].ov'ving it to 'discharge into the
load bus, (b) turn control of the associated solar array paddle over to
the other regulator, {c) transfer the output of the associated solar-array
paddle to the charging circuit of the other battery, (d) trigger the under-
\.roltag'e bus relays (unless inhibited by ground command), (e) set the
battery charge current level to maximum (unless inhibited by ground
command), (f) set up the associated charge regulator to function as a
solar array voltage regulator in the event that the other battery also

fails, and (g) givé te_lemetric indication of.the rearranged configuration.
Return tonormal configurationif and when the battery case temperature
falls below 125°F can be accofnplished only by means of ground command.

2. - The voltage monitor or bistable fails to reduce the charge

current to the trickle level as full charge is approached, resulting in

increasing battery'case temperature.- In this situation, a thermoswitch
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set to actuate when the battery case témperature reaches 95°F opens,
causing the charge current to be reduced to, and remain at, the trickle
level. When the battery ca,sre temperaturé falls beldw therAtempera.ture
differential inherent in t};e thermoswitch, the switch closes and the
charging current returns to the preselected level. This feature provides
a backup to the normal method of charge control by monitoring battery
terminal voltage. |

Failure situations and the ground commands for eliminating their
effects are as follows:

1, Either an open battery or its regulator fails so as to turn
off one solar array paddle, resulting in the battery's having zero termi-
nal voltage or a terminal voltage too low to permit the ba._tte>ry to remain
on the load bus. This failure situation must be discerned at a ground
station by noting solar array current and midpoint voltage, battery cur--

rent, and battery terminal voltage. With the realization that this failure

- “Bituation exists, the ground command that actuates the same relay cir-

" cuits as dneq the 125 F thermoswitch can be transnntted W1th the result

that the faulty battery/charge regulator is switched out of operation and
the subsystem configured to operate with the remaining battery/charge
regulator powered by the full array.

2, Aging batteries exhibit higher terminal ’\}oltages than do new

‘ones upon reaching full charge. If the voltage level at which the voltage

monitor triggers the bistable circuit is not increased, an aging battery

. may not reach its full charge capacity during the available sunlight time.

This could eventually cause the mission to fail. This failure situation
can be discerned at a ground station by noting battery terminal voltage
variation during the period of bistable circuit operation.. By gi‘ound
command, the voltage level at which the voltage monitor circuit triggers
the 'bista.ble circuit can be set to the higher of two possible levels.

The automatic switching initiated by the actuation of the thermo-
switches can be completely overridden by ground commands. Thus, if
it is believed that automatic switching has incorrectly occurred, or if
"last-ditch" attempts to keep the subsystem functioning are desirable,
all possible reconfigurations of the subsystem including those establish-

able by automatic means can be commanded from the groﬁnd.
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b. Power Supply Subsystem States

In the above discussion it is seen that the subsystem
can be in any of several different states of opeération, from full opera-~
bility (even though a certain component or assembly of components has:
actually failed) to degraded operability (capable of functioning with full
output for a determinable period of time, however, barring additional
failures) to inoperability (incapable of supplying subsystem loads and
recharging the batteries). Each of these three operability states is

defined below in terms of one or more subsfates.

(1) S1 (Fully Operable State)

_ The fully operable state S1 is defined as exist-
' ing when any one of seven substates Slj-(l £j=<7) exists:
S11°

tion of two branches, each consisting of one paddle, one battery, and

All components and assemblies operable; normal configura-’

~one charge regulator; each branch handling approximately half of the

".load requirements.-

S,
12
off its paddle, or both. Subsystem automatically switched to operation

One battery shorted, or its regulator incapable of turning

with the other battery/charge regulator powered by full solar array.
813: Inverse of SlZ (i.e., the other batteryrs'horted, or its reg-
‘ulator incapable of turning off its paddle, or both). _
514: One battery or one of two diodes between battery and load
.bus open, or associated regulator maintaining continuous solar array
cutoff (includes malfunctioning voltage monitor/bistable). Subsystem
commanded from ground to operate with the other battery/charge reg-
ulator powered by full solar array. .
Sls: Inverse of 814. , ‘
Sl.6: One or the other or both regulators having a failed voltage
monitor/bistable circuit; charge current reduced to trickle level at full
Chargg by action of 950F thermoswitch. v
Sl'?:. Any one of four transistors controlling solar array'in open

condition, with regulators and remaining three transistors automatically
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compensating for loss of control over the one section of the solar array.
In this case each transistor is considered to be an ensemble of three

components (a transistor plus two resistors).

(2) .8, (Degraded Operability State).

The degraded operability state S2 is defined via

a single substate S21

S .
21°
_ four controlled sections of the solar array, or the short failure of any

The open failure of any one of the diodes in series with the

one of the four transistors controlhng the solar array, after mission
time .t (as determined in Equation (8) in conjunction with curves in
Reference 6), reduces the value of the experimental data, since these

data will not be available for the entire year.

(3) S, (Inoperable State)

The inoperable state S3 is realized when the "=~~~ -~~~

subsystem is in any one of four substates S3 (1< J <4):

Beth batterics fa led.,

S31°
S32: Both regulators failed.
833: One battery and the other regulator failed.

S3>4: The inverse. of S33.

4, Nurnerical Assessment

a.  Model Equations

The equations for the present configuration are much
simpler than those derived in the previous assessment, primarily be-
case of the deletion of the blocking diodes from each string of solar
cellé . The simplification results in only three state equations, corre-
sponding respectively to the fully operable, degraded operability, and
1noperab1e states defined in the precedmg section. General assumptions
were made in order to render the computatlons more tractable, but
these cén be shown to have negligible effect on subsystem reliability pre-

dictions. The assumptions ate listed on the following page.
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is highly reliable and (b) a loss in switching capability has a detrimeri-

For state S

1. Since the reliabilities of the telemetry and command circuits
external to the Power Supply Subsystem are considered in the discussion
of the Communications and Data Handling Subsystem, they are not included
in the present subsystem assessment, » ‘

2. The probability of short failures {to ground or across ter-
minals) of solar cells is negligible relative to the probability of open
failures. '

3. If the blocking diode of a solar cell section fails short there

- is no signiﬁéaht effect, since the probability of the solar cell section's

also failing short (to ground) is negligible.

‘4. ' The probability of failure of synchronization amplifiers is
not included in the assessment because the Power Supply Subsyétem
contains a free-running oscillator in each battery/charge regulator.

12’ S13’

14° 815,’ and .816 are negligible, since (a) the switc‘hingﬂ_{n_e_g_hfr_ufm‘

5. The effects of switching failures in substates S
S

tal effect on the systém only if the regulator or batfery in that branch
has also failed. o

The numerics to substantiate the above assumptions will be pre-
sented in subsection 4.c, containing the reliability calculations.

. Exhibit 6 depicts the reliability block diagram for the Power Supply
Subsystem. The two branches, each consisting of a battery and a reg-
ulator plus a few diodes and transformers, are treated as redundant.

7 1 all four controlled sections and both uncontrolled sec-
tions must be operable, while for state SZ one of the six sections is

inoperable with the other five operable (a section includes the blocking -

diodes, power transistor, and associated resistors in addition to the

solar ‘cells). The reliability of a branch will be denoted by RB , that
of a controlled section by' RCS , and that of an uncontrolled section by
R.US . The probability that the subsystem is in state Sl » then, with
all sections and at'least one branch operable, is
p(s,) = Pt RZ [1-(-R )2] (9)
1 CS 7'Us B
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The probability that the subsystem is in state SZ, , with five out of six

‘sections and at least one branch operable, is

p(sz):%R?éS(l —RC.S-)R%JS + ZRCS(I US)RUS}RUS{I -{1 —RB)\(- (10)

The probability that the syst'em is in state S is, of course,

3.

P(S;) = 1 - P(S,) - P(S,) (11)

As was stated in the preceding section, state S., is detrimental

 to spacecraft operability only when the solar array | ha.zs degraded._to a.
.'pomt where the required recharge time exceeds the available dayhghf

" time. This occuts al some time Between 7 and 10 'nuu.uhu {depending
"on the particular orbit) after launch. It follows, then, that Power Sup-
ply Subsystem reliability RPS(’C) is equal to the sum of P(Sl) and
P(SZ) up to that point in time and to P(Sl) only thereafter,

b. Preparation of Reliability Inﬁuts

In this subsection the component parts and associated
failure rates are listed. When short and open failures result in a d1£—
ferent substate they are listed separately. The failure rates for diodes,
transistors, resistors, and capacitors were taken from Reference 15,
and the rates for the rest of the components, with the exception of bat-
tery cells, were taken from Reference 1; for battery cells the STL
_failure rates were used.

The ﬁarts lists for the regulator ihclude thbse parts whose failure
causes branch failure such that the regulator cannot turn the array off

(substates Slz and S as well as those parts whose failure renders

13)’

thie regulator incapable of turning the array on (substates 814 and SiS)'
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The parts complements and associated failure rates, then, are as

follows:

Re gulafoi'

Branches (each)

Transistors, Silicon
Diodes, Silicon
Diodes, Zener

Silicon- C>ont-:r Qlled Rectifier

Resistors, _Filrn

Capacitors, Paper |

Transformers, Signal

Other Branch Components

.Transformers
Control Sets
Coils
Diodes, Silicon

Battery Cells

- Controlled Sections (each)

Transistor, Silicon Power

Diode, Silicon

Uncontrolled Sections (each)

Dipde s, Silicon

Switching, for Substates S12

13 .

" Thermo switch (1 2.50)

Relay,. Latch, Redundant Contact Sets
Relay, Sensitive, Single Contact Sets

27

. ‘Branch
9
10 (shoit)
8 (open)
4
3
1 (short)
2 (short)
20
12
15
3
. 4 (open)
a
2
2 -(open)
22
1 (short)
1

2 (redundant)

bk et

Failures Per
Million Hours

O O OO0 © OO0 © OO
o
w

0.80
0.15
1.00

0.12
0.15

0.15

0.16
0.00 -
0.60



Faijlures Per

Regulator Branch Millions Hours
Switching, for Substates S14 and S15
Re'lay,, Latch, Redundant Contact Sets 1 0.00
Relay, Sensitive, Single Contact Sets 1 0.60
Switch for Charge Current Reduced to Trickle (Substate 816)
‘Thermoswitch (95°) o 2 (redundant) 0.16

c. - Calculations

The first consideration is to determine the negligible
terms of the subsystem reliability equations. As was stated in the as-
sumptions, switching reliabilities are not included in the system equa-~

tions because of their negligible effects.

For example, the probability that the switching mechanism for -~~~ -~---.

substate S, will not be operabie at the end of 1 year (which is the

iz

worst case) is gimply its nnreilabiirty; ,

J R i i

0067 .

Similarly, the probability that swit"ching is required (that is, that
- the parts corresponding to substate SlZ have failed by the end of the

year) is

1-Rp2

= '085 .

It follows that the probability of both occurrences is then equal to
.00057. This, of course, is an upper bound, since both switch unrelia-
bility and 1 - R,, are lower earlier in the year. Thus, to the accuracy
desired, this term is of little significance. Similarly, considerations
of switching reliability for substaft:-s 813, 814, SIS’ and 816 are un-

necessary. In retrospect, if alt switching were included in the model
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equations they would require a number of additional terms which, when
numerically evaluated, would not significantly affect subsystem reliabil-
ity predictions. B - |
The terms of the subsystem state equations are computed using

the fa.il_lire rates listed for a branch and for the sections, and setfing
switching reliabiliﬁy equal to unity, As in the preliminary assessment,
the reliability degradation of the solar cells is predicted to be such that
it does not significantly affect subsystem reliability; as long as the rest

" of the subsystem is operable. If one of fhe six array sections is inoper-
able, however, the degradation of the cells in the other five rriay cause
probléms in recharging after an eclipse, This factor, which was dis-
cussed more completely in a previous subsection, is taken into account
in deterrhining which states are operable and in defining subsystem re-

liability, Exhibit 7 gives the state probabilities for each of the three

states at four time periods. The last column of this exhibit-gives the =

predicted values of Power Supply Subsystem reliability at the four time

. .

" neriads, nach ealenloted an defined o the —aenounel foassadintale £ 00

UG S I REIIIITET TSIy SR

' -ing Equation (11), (For the reader's convenience, ‘RPS is presented in

graphic form in Exhibit 8.)

' 'S.tate Probabilities

(g23¥1) P5) P(S,) P(S;) 323?15532;
2190 9908  .0018 .0074 .9926
4380 .9703 ,0035 0262 1.9738°
6570 .9413 .0051 .0536 9413
8760 .9095 .0066 .0839 .9095

EXHIBIT 7 - SUMMARY OF POWER SUPPLY SUBSYSTEM
RELIABILITY AND STATE PROBABILITIES
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Strengfhs and Weaknesses

5.
a. Strengths
There are several features of this de sign which make

it excellent from both performance and reliability points of view
The batteries are charged at a constant rate of

. (1)
current controlled by servo action. This feature practically eliminates
the possibility of thermal runaway.
| (2) Bistable control of the charging rate as full ca-
pacity is approached assures that maximurﬁ charge is returned to the
battery in the limited time available. N
5(3) Backup to the control of the charge rate by means
of temperature senmhg (a 95 F thermoswitch) assures full charge within
The ability to charge at lower rates when orbltal

the restralnts of temperature.

(4)
Cond1t10ns permlt contrlbutes to the longevity of the batteries.
(5) ~ Shunt control of the— solar-array assures that

ey
—.

]
59 EY=eire— lvtru. un.\.r \,j‘riwi:*su T

‘ i&/ to-su

a4 e s e 2T
. .‘. TTer ¥ L LK

No power is wasted when it is needed the most
Solar array isolating diodes are minimized

-~ .
It D\JJ.a.I. AT T4AY poOw

batteries.
(6)
Their failure is more significant, but there are not as many of them to
. e,
By

fail. '

~ (7) The most damaging type of potential failur
battery temperatui’e in excess of IZSOF, is under automatic control
ground command, many different configurations of the Power Supply

Subsystem are possible ‘

Impending 01.actua-1 coml.)on'ent failures can be

(8)
detected at ground stations through the telemetry system, and their
effects negated by ground control of the subsystem. Automatic methods

beyond those included would cause a detrimental increase in complexity,

with a resultant decrease in reliability

b. Weaknesses
As might be expectéd, the batteries are the

(1) :
weakest link in the entire subsystem. With 22 cells in series the
31
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probability that at least one of them will become either opened or shorted
is appreciable. There is not much that can be dOne about the number of
cells in series; there is no other practical way of obtaining the required
working voltage. It was pointed out in subsection 3.a that a battery
handling the entire load actually operates outside the limits established
by the battery specification (cf. Reference 10). While the hecessity

that a battery handle the entire load arises only in the event of failure of

.one of the subsystem branches, acceptable reliability can be achieved

only through redundant battery branches. For example, if redundancy
were not included, the estimate of Power Supply Subsystem reliability
made in this assessment would be approximately 0.50. Subsystem relia-
bility thus depends on f-he ability of one battery to handle the entire load.
Equipment performance should not be allowed to depend on any component
parameters that are uncontrolled in the component specification. '

(2) Batteries and regulators are not individually

redundant As pre sently des1gned a battery and its regulator are re-

e T I ir oy R s
LIS .x.t%;;u..ua-uv.l., J.\,F,u.;.q.vu 3 canuut be inter

.changed once the subsystem is assembled. The switching required to

achieve individual redundancy can be accomplished with four DPDT
switches. It is considered that sufficient telemetry data are available
at ground stations to perrﬁit diagnosis of subsystem failures involving
ths regulators and batteries. As a first approximation, the probability

of subsystem failure at the end of a year in orbit is reduced from 0.99

-to 0 06, or by 33-1/3 percent, when the regulators and batterles are

fully redundant. In terms of predicted subsystem re11ab111ty, the level
is increased from about 0.91 to 0.94, a sizable increase.

(3) Several failure modes are correctable only from

‘the ground through the command system. In addition to the complexity

involved in such a failure detection, decision, and correction method,
lack of contact with ground stations during portions of each orbit or
possibly for several complete orbits may create serious problems in
maintaining a properly functioning Power Supply Subsystem. Analysis
of the effects of ground station location on'the reliability of this sub-

system is beyond the.scope of the second assessment. Sufficient
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information concerning the location of ground stations may be available
in time for inclusion in the third assessment.

(4) For a sizable portion of a l1-year mission in a
POGO orbit, the ratio of eclipse time to daylight time is sufficiently

high to require that the charge current level must be set at maximum.

For maximum charge level, both charge select relays must be energized;

if the coil on one of these relays should fail, rnaiirr‘lum charge level
could not be selected. From this point of view it would seem desirable
that these switching circuits be designed so-that, in the event of coil
failure, a maximum rather than a lesser charging level would be the
result. Perhaps latching-~type relays should be used throughout the
Power Supply Subsystem. ‘ .

(5) In the new design of the subsystem it would ap-
pear that full advantage has not been taken of strength (5) above. The

30 watts, or more, that were necessarily dissipated in the series reg-

~ulator transistors.of the original design when full current was needed

—_— —_—

- are not wasted or needed in the present design. Unless new estimates

of OGO load i;equirements are 10 to. 15 percent higher than those stated
in Reference 9, it is PRC's opinion that the solar array power output
margin of safety is unnecessarily high. This is especially true if the

interconnections of the solar cells are changed to provide maximum

‘power output at a voltage equal to the average terminal voltage of the

batteries during the charging phase. If the solar array output powér

~were to be reduced by 30 watts, 1840 solar cells could be eliminated

(each cell produces 0.0163 watts at its maximum power- output point
after I year in a POGO orbit). Since there are 32,256 cells in the

‘array as presently designed, the elimination of 1840 cells represents a

weight saving of 5.7 percent of the total array weight, assuming that

it can be reduced linearly. The total weightof the solararray, excluding
wiring Harness, sun sensor, charger regulators, and sun experim-ent,_
is estimated at 101 pounds (cf. Reference 3). A 5.7-percent (reduction
in wei'ght would thus be approximately 5.7 pounds, a sizable amount

when booster requirements are considered.



6. Recommendations

a. The capability of one battery. to handle the entire load
should be established with statistical confidence; this cannot be left to
chance.  Capacity dec;ay'as a function of depth of discharge, number of
charge/discharge cycles,' battery temperature, charge rate, discharge .
rate, etc., should be established in a development evaluation and accept-
-ance program mutually acceptable to NASA, STL, and the battery sup-
“plier. Battery specifications must be written to cover more accurately
the oper_ati'onal situations, both POGO and EGO, for two batteries sharing
the load as well as for one battery handling the entire load.

Launch restraints for both POGO and EGO orbits imposed by the
limitations of the batteries (including the single-battery situation) should
be explicitly determined and de scribed by STL for the benefit of NASA

and all experimenters.

Methods- oﬂbypassihgnopene'd.,o,r,,sh'otr.ted cells should be_investigated .

in an attempt to increase battery re11ab111ty o

e A

b.  Swiitching circuits to pLUVJI}eTuh u"uuu.aﬁC'y of regu-~
lators and batteries should be developed. The gain in subsystem relia-
bility should be traded against the cost in switching unreliability and
weight and power reqﬁirements. '

c. The design feature that many failure modes are cor-
rectable only through the telemetry and command paths should be in-
cluded in the over-all OGO system ground-station location studies.

d. The use of latching-type relays throughout the sub-
system should be considered. Reliability gain should be traded’ agamst
increased complexity in any other circuits.

e. Reconfiguration of the solar array should be studied by-
STL in order to make more efficient use of its power output. If power
reqﬁirements have not increased excessively, potential weight savings
exist. For the latest design of the subsystem, maximum solar array
power oﬁtput' should occur at a lower array voltage than was thé case
for the first design. This is occasioned by the replacement of the series

regulator by a shunt regulator which wastes no power (thus requ1r1ng

34



no voltage drop) when maximum load occurs. If increased load is now
estimated, it may be possible to meet the increase in this manner rather

than by adding more solar cells with a resultant increase in systerh weight.
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TECHNICAL ADVISEMENT MEMORANDUM NO, 8

To: Assistant OGO Project Manager, GSFC, NASA
From: PRC OGO Assessment Team
Subject: Second Reliability Assessment for the OGO Thermal Control
Subsystem
1.  Subsystem Description -

For a description of the Thermal Control Subsystem the

reader is referred to PRC R-243, Prehmmary Reliability Assessment

for the Orbiting Geophysical Observatories (Reference 1). Where the

description of the present configuration differs significantly from that of

Reference 1, the latest configgration will be described herein. Specifi—,

'cally,v the following changes (or more detailed descriptions) are noted: -~ -

. 1
a. The controlling actuators for the louvers of columns
1, 2, 3, 4, 5, 6, and 3 will be adjusied so that the louvers will be fully

open at 75°F and fully closed at 50°F,

. :
b. The controlling actuators for the louvers of column 7

w111 be ad_]usted so that the louvers will be fully open at 65°F and fully
closed at 40° F. Column 7 is directly over the two 4-watt transmitters,
and the heat balance analysis eonducted by STL (cf. Reference 2) indi-
cates that the transmitter baseplate temperatures would reach as high
-as IIOOF during normal orbit operation. The reduction in actuating

ternperature will help to alleviate this problem.

c. An RTV elastomer has been selected and successfuily

tested for the interface conductance filler material. This material

2
allows interface conductances of approximately 25 Btu/hr ft °F, thereby

. 2 .
offering considerable improvement over the 2-3 Btu/hr ft °F interface

conductance experienced without filler.

1The terminology of Reference 1l is used here.



d. Mylar sunshades have been added to protect one
radiating side panel from exposure to sunlight due to a 4-1 /2° offset in
attitude control incorporated in sun sensors. The sunshades are arranged
so that sunlight will not strike any portion of the radiating panel during the

normal offset attitude condition.

€. Angle sensors which had been planned for the louvers

have been deleted.

1. A large percentage of the previously exposed bracketry
will now be insulated with Mylar tape in order to reduce the number of

uncontrolled heat paths on the vehicle.

‘

g. The bimetal actuators have been surface-oxidized in
order to insulate them more fully from heat inputs other than conductance

from the radiating panels.

~h. - Anodizing has been selected as the surface finishing

process for the radlatlng panels. An anod1zing proc ess has been de-

« . P ST o A b
veloped which provides a solar absorptivity of approximmately 0.3 and an

emissivity of 0:8,

[

i. Potassium silicate paint has been selected as the coat-
ing material for the back of the solar cell substrates. This paint exhibits

a solar absorptivity of approximately 0.2 and an emissivity of 0.85.

2, Subsyétem States and Modes of Failure

a. Subsystem States

Since sufficient information for the determination of
meaningful degraded states for the Thermal Control Subsystem still does
not exist, the same two states, S1 and SZ’ defined in Reference 1, will be

used for this assessment. As before, S, corresponds to subsystem

. 1
success while S‘2 corresponds to subsystem failure.

b. Modes of Failure

The STL memorandum entitled "OGO Louver System
Reliability" (Reference 3) has been reviewed by PRC to determine .

whether or not it contains an accurate, up-to-date delineation of failure



modes for the Thermal Control Subsystem. The memorandum exPlicifly
"defines 36 failure modes for-the subsystem, each in terms of a combi-
nation of failed louvers. Individual louver failure is defined as occurring
in three ways: stuck open, stuck closed, and stuclzkr half open. More
precisely, these three failure conditions correspond respectively to a
louver stuck in the 300-900, 00—200, and 200—'5‘00 arcs of the 900 through
which a louver is designed to operaté.

Three other STL documents (References 4, 5, and 6) fhat'p'receded
Reference- 3 provide the historical or evolutionary background underlying
the delineation of the 36 failure modes in Reference 3. Based on rational,
technical judgment and on consideration of, for example, the distribution.
of OGO components, consequences of localized temperatiure extremes, and
the total thermal environment during a complete orbit, STL first defined a -
basic set of failure modes. Then, later on, the concept of "intermediate"
or "half open" louver fa_,irlure was introduced and the number of subsystem
failure niode g incréased accordingly. S e e e e e

Now, it is ifnportant to note that the 36 failure modes delineafed to
date db not constitute all possible failure 'modes, although it is possible
(but not stated by STL in Reference 3) that they.constitute all important
(i. e., occuring with non-negligible probability) failure modes, It is easy
to construct additional failure modes. For example, the mode ta.bulated1

in Exhibit 1 is a candidate for mode number 37.

.Side 1 Column Number

Louver Failure Condition 1 2 3
Closed 2 5 7

Open 9 5 2

6 7 8

Half open »

EXHIBIT 1 - FAILURE MODE 37

For thé reader who is more familiar with the STL designations of

louver position, Side 1 may be identified with, say, the +X panel, and

1Using the terminology of Reference 1.



column 1, column 2, and column 3 identified respectively with Zone IIi,
‘Zone II, and Zone I. The nuimbers given in the exhibit mean "any combi-
nation of"; e. g., the entry in the upper left-hand corner mreansr "any two
of the louvers in column 1 failed closed.".

Next, failure mode 38 might be the Side 2 (i. e., the -X panel)
counterpart of failure mode 37, while modes 39, 40, etc., might be de-
fined by selecting other specific combinations of louver failures that do
exist and are not included in the 36 modes given in Reference 3.

Review of the rellab111ty expressions given in Reference 3 reveals
that they are essentially correct, as qualified therein, particularly if
they are adjusted (and/or qualified) to account for the non-exhaustiveness

of failure modes. The equation for R, for example, might be written

2’
more precisely as

where the summation exhausts all mutually gxclusivel failure modes.
It may be true that this sum can be approximated by the one given in

Reference 3, namely,

36
Y =) P
A J L J

However, no comparison of the magnitudes of these is presented in
Reference 3. .
It appears, then, the one-by-one enumeration of failure modes

does not guarantee that all important failure modes are exhausted.

1An assumption made preceding the STL expression for Rz to assist
in the argument.



Furthermore, sinée coﬁducting a heat balance analysis of each potential
failure mode to determine its importance (or even existence) as a failure
mode would involve a prohibitive amount of effort, it appears that an al-
ternative ai)proach to failure mode enumeration,. also based on engineer-
ing judgment, is desifable. '

For the second assessment, it is felt that the failure modes of
Reference 1, slightly mddified, provide a more logical and accurate de-
lineation of failure modes. The reader will recall that the modes given
in Reference 1 were based on the concepts of critical areas (i.e., por-
tions of the panels near high heat 'sources) and on the likelihood .of their
occurrence.

As regards the modification of the modes defined in Reference 1,
it is felt that the thermal control problem is better understood at this
time, prim;.rily because of the more accurate heat balance analysis

(Reference 2), and that the refinerﬁent of individual louver failure into

_"stuck closed" and "not stuck c}qsed" is of importa,nce.1 More explicitly,

.. since the effects of these two failure c-(')zidiﬁhdﬁ are ‘quite different, it is

PO, DS S SV B I - ST R
10Ues givel i i1clcliCc & ifiusS

€ 1 Re ioTe
be modified as follows:
Mlz Loss of operation of any 12 {(or more) louver/actuators in-
any position.
M,: Loss of operation of any four (or more) contiguous louver/

actuators in any one panel column in the closed position.

M,: Loss of operation of any two (or more) louver/actuators in

any one of the three critical areas in the closed position.

Modes M2 ~and M3, as defined above, account for the fact that the
loss of four: (or more) contiguous louver/actuators in a column in the
closed position will cause subsystem failure, whereas the loss of four

(oxr morle)'contiguous louver/actuatorsina columninthe not closed position
will not cause subsystem failure. To be precise, one should include
the cases'whe?e a large number (i.e., many more than four) of louver/

actuators in a column are failed in the not closed position; however,

1Here, "stuck closed" means stuck within 0°-20° of arc and "not stuck
closed" means stuck within 20°9-90° of arc. .
‘ 5



consideration of the probability of occurrence of such cases makes

their inclusion unnecessary.

3. Numerical Assessment

a. Model Equations

The model equations developed in Reference 1 apply
without modification (except for the new interpretation of the failure
modes) and are used in this assessment, For the reader's convenience

the key model equations are repeated herein; namely,

PrglSy 8) = POMy) + P(My) + P(M;) - P(M,)P(M,) - P (M, )P(M,)
- P(M,)P(M,) + P(M,)P(M,)P(M,) (IV D.1)
Pr(Sy t) =1 - Pro(S,, t) (IV.D.2)
R_._{t) = P (S, £}~ - _ . pvonay
- lb...‘ n N »l_- i S - ’ -3 , kY
| -112) t
. 11 (112)_t)%e &
P(M;)=1-) 2 (IV.D.5)
n=0 n!
17 ,
v SN D.8
P(M,) =6), (17 -m+1)(1-e™"ah (Iv.D.8)
., m=4
5 ' :
‘ -x_t ™
+2), 5-m+1)(l-e 2)
-4\t -5\t -9t -10A_t
P(M,) = 3 - 10e  ® + 8e 2 . 10e % + 9e
(IV.D.11)

The first two of these express, respectively, the probability of

subsystem failure and success at any time, t. The third equation. shows

6



that the reliability RTC(t) of the subsystem is simpl&r‘ the probabiiity that
it is in state Sl' The last three equations express the probabilities that
the subsystem is in each of the failure modeés defined above. For more

detailed definition of the notation 'derivation of the equations, etc., the

reader is referred.to Reference 1 (pp. 176-179).

b. Component Parts Complement of the Thermal Control
Subsystem

The elements of the subsystem are identical to those
of Reference 1, and, along with their associated failure rates, are tabu-
lated below. '

Elément Failure Rate
Insulating shield 0’
Louver 7 0.5 x 10—6/hour
Pivots and bearings 1.5 x’lO_é/hour
Bimetallic actwator. . . . . ___1.0x10 % /hour- . - . . ..

It is well to note that the rates used in°this assessment differ from.
those used in the preliminary assessment. The changes reflect the test
experience thus far, and take into account the damage that may be in-
flicted during the launch phase due to dynamic and thermal stresses. In
addition, the tabled failure rates apply to either closed or not closed
failure.

c. Numerical Evaluation of State Probabilities and
Reliability '

Utilizing the failure rates and model equations of the
preceding section, the desired quantities are determined by calculating,
first, the failure rate )\a of an individual louver/actuator; then the mode
probabilities P(er), P(MZ)’ and P(M,); and finally P (S,, t) and
PTC(SI’ t), which equals RTC(t). :

3 TC 2’

In view of the modifications of the definiti.ons of Ml’ MZ.’ and M3
and the tabulation of failure rates given in the preceding section, it fol-
~lows that the )‘a to be used in calculating P(MZ) and P(M3) is simply the

sum of these rates; namely,



R Mouver T )\pivot_s and . arings * Xactuator = 3.0 x 10"6 .

Furthermore, since .?Z-fIl includes both close& and not closed failures,
the )\a used in calculating P(Ml) should be .dOuble that used in calculating
P(MZ) and P(M3r); i.e., Xa equals 6.0 x 10'6 in this case.

Substituting the appropriate value of )La in the key model equations
yields the values " own in Exhibit 2, Not that calculations were carried
out, aé in Reference 1, {or four operating times, t = 2190, 4380, 6570,
and 8760 hours.

Comparmg the values of R (t) given in Exhibit 2 with the corre-
spondlna values derived in Reference 1 (cf. Exhibit IV.D-3, p. 182)
reveals a general lowering of subsystem reliability. The primary
reason for this is the increased value assigned to ka. The higher rate,
as statecl_ above, reflects test experience gained thus far in the OGO de-

‘ velopment program and take s into account the dynamic and"thermal---- -----. .

stresses to which the louver/actuators are subjected during launch.

. ‘o~ £ 4l o CGash o v dmemn - ———
4, Strengths and Weaknessog-cf the Subsystem

The results of the louver bearing tests being performed by

STL seem to indicate that the lubrication by MoSZ in vacuum will be
sufficient for this application. It is estimated that the average louver
will experience 10,000 cycles of opera‘cioﬁ over a l-year period. The
tests conducted thus far have demonstrated a louver bearing reliability,
operating in hard'vacuum- with varying duty cycles, of approximately
0.99 with 95-percent confidence. The vibration tests of the bearings
have not yet been completed. |

The results of the louver vibration tests (Reference 7) indicate
that considerable modification of the louvers themselves was incorporated
to increase the structural rigidity of the louvers and the mounting brackets.
Several failures occurred prior to the modlflcatlon but the modified 1ouvers
exh1b1ted no failures during vibration. The maJor modifications to the
louvers were (1) redesign of the louver ends to increase the rigidity at

the connections to the pivot pins, (2) decrease of the spot-weld spacing
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to 0.25 inch from 0.7 inch, and (3) fedesign of the beaded edges of the
louver to increase the section modulus and thereby the rigidity of the
louver. The above discussion indicates that the louvers can be expected
to have a reasonable prebability of surviving the launch-phase vibration
environment.

The use of the RTV filler material, Mylar tape on the bracketry,
and the more accurate determination of material thermal properties
and subsystem and experiment locations allow a more realistic heat
balance analysis by STL. The more accurate the analysis, of course,
the less likely are gross malfunctions of the subsystem such as the
louver operating temperatures be‘ihg "off" by a factor of 10°. This is
evidenced by the decision to change the temperature operating settings:
of the -X side aft louver panel (i.e., column 7).

The most critical areas are still the areas over the battery pa_cke

and the 100-mw and 4-w transmitters, STL analyses indicate that tem-

-~ peratures of 98°F may be reached for the worst-case POGO orbit by the .

e L~ OO

. . . O, .
- battery baseplates during orbital operation -and that 987 F muy gisobo— "

{12

reached for periods of short duration (20 minutes) during and immedi-
ately after reqﬁisition in the EGO orbit, As stated earlier, it is felt
that these results (based on considerations of the critical areas) further
justify the retention of the PRC First Assessment failure modes and
imodel equatiens. |

5. Quantitative Assessment of Thermal Control Subsystem
- ‘Under Tumbling Conditions.

One of the subjects discussed during the NASA/PRC meeting
held on 22 June 1962 at PRC was TAM No, 3 (cf. Reference,S). This-
TAM deals With the possibility of operating the spacecraft in a degraded
mode in the event that attitude control and stabilization are lost and the
spacecraft assumes a randoin tumbling condition. The TAM determined
that sufficient power generation capability persists to allow opei‘ation in
a degraded mode while the spacecraft is tumbling and that, i'f this de-
graded mode is of value, further stuciy of the tumbling case--from a

power supply viewpoint--is warranted.

10



During discussions at STL after issuance of the TAM and prior-to
the above-mentioned meeting at PRC, it was pointed out that the elec-
tronic assemblies of the spacecraft would become inoperable because ofﬂ
inadequate thermal control of a tumbling spﬁcec raft. Specifically,
proper control wogld hot bebpossible becéusé whenever the louvers were
exposed to the sun they would open in an attempt to cool the spacecraft,
thus exposing the electronic assemblies to directvsunlight.

Discussions held prior to and during the 22 June 1962 meéting at
PRC, the_n, were directed toward the need, if any, to continue study of
the tumbling case. One possibility is that a.quantitative evaluation of
the maximum steady-state temperature(s) assumed by the tumbling
spacecraft might indicate the feasibility of continued operation of the
necessary assemblies. Another possibility is that the design might in-
corﬁorate a mechanism for snapping shut the louvers upon loss of atti-

tude control and stabilization.l Both of these possibilities have been

. explored.and are presented.in-the - sequeloc— oo . . . ..

To pursue the former possibility, assume a randomly tumbling

NN a1 N

spacecralt in a POGO orbit., Since the position Of the SpacecTaft is ran-
dom, the six surfacés will essentially face the sun an equal percentage
of the time. The worst case occurs when the spacecraft is in full sun
and one of the radiating panels is facing the sun and the other faces the
earth. This is a severe condition because the exposed radiating panels
present the largest area of relatively high solar absorptivity and ‘exhibit
_a hemispherical infrared emissivity equal to that of the insulated sur-
faceé. It seems reasonable to assume that attitude control failure would
occur in such a way that no high moments Would be imparted to the space-
craft; therefore, it can be considered to be tumbling very slowly, and a
steady-state thermal analysis can be used as an approximation for the

purpose of this investigation.

IOr,' perhaps, a mechanism which would close tﬁe louvers whenever
they are exposed to the sun, and otherwise allow them to operate
normally.

11



A simple heat balance equation for the spacecraft is given by:

r4___ ’ )
Ap ottt a o +a

or,
T - Q. + Q.+t Q.+ Q) /e o A
- s RS E /% o1

where
-AT - = total area of the surface of the spacecraft in ft2
€ = average emissivity of area AT
o = Stefan-Boltzmann constant = 1.734 x 10—9 Btu/hr :Et2 OR4

= average temperature of area AT in degrees Rankine
QS - = heat absorbed by sp-acecraft from solar radiation in Btu/hr
QRS = heat absorbed by spacecraft from solar radiation reflected
from earth in Btu/hr -
T Qp - Lealabsorbed by spacecraft from earth radiation in Btu/hr

QI = internal heat dissipation of spacecraft in Btu/hr

Each of the Q's is further defined as follows:

Qg = Ag @5,
where
AS = surface area of spacecraft exposed to sun in ft
a = average absorptivity of area Ag
5 = solar constant = 443 Btu/hr ft°

Q

RS,'wZAEafBS(l—coseo)D,

12



where

AE = surféacevare_a of spacecraft e?iposgd to earth radiation
in ft v
= average‘ absorptivity of area A-E
g = albedo of earth = 0.34
90 = angle between the line joining the spacecraft to earth

center and a line from the spacecraft to earth horizon
D = 1 when earth's surface area seen by spacecraft is within
'~ sunlit hernisphere1 7
= 0 when earth's surface area seen by épacecraft is not

within sunlit hemisphére

QE ~ 2 AEe E (1 - cos 90) ,
...where. .. .. .. - - -
€ = average émissivity.of surfass area Ao = =
E- = earth's thermal radiation constant = 76.5 Btu/hr ft

Q; = 410 Btu/hr

where the value of 410 Btu/h .s basea on an average power dissipation

) of 120 watts

‘The expressions for QS and QI' are well known and need no further

explanation;.2 however, the derivation of the expreséions for QRS and QE

1D essentially differentiates between the cases when the spacecraft is
in eclipse and when it is not. QRg is zero in the former case, and other-
wise follows the equation given.

2A trivial generalization of the expression for Qs is used later on; namely,
if the surface area exposed to the sun consists of, say, two areas Sy and
S, with corresponding average absorptivities aj and ap respectively, then
Qg is given by



may be of interest since they are not readily available. Furthermore,
since the desired expressions are but particular cases of a more general
situation, it is well to consider the general derivation. Exhibit 3 por-
trays the geometry underlying the geheral case. Here 0 represents.the’
‘angle between the line'joining the spacecraft to earth center and the line
from the spacecraft to an element of earth surface area, dA. The in-
cremental area dA lies within the area swept out as 9 varies between 0
and 60 (i.e., out to the earth horizon) and as the angle Y (measured, as
shown in Exhibit 3, relative to any convenient coordinate system) varies
between 0 and 2w. The variable distance between the spacecrraft and |
the incremental area is denoted by p. -

Now, if J denotes the intensity’ of radiation (either earth radiation
or solar radiation reflected from earth)vat the earth's surface and ¢
denotes the radiant flux impinging upon the spacecraft, the incremental.
flux dop impinging on the spacecraft, considered as a point receiver,

_from the incremental area dA is given by -

_ .~

J sinn O p 40 dy

= 2P
dp = > .

Integrating over the earth surface swept out by 6 and 'y yields
5 2T GO . '
v == sin 6 d6 dy
‘ 0 0

=2J(1-coseo).

Next, considering the spacecraft as a body having surface area
AE exposed to radiation from the earth's _surface, the total flux received,

ch,' is approximately given by

ch=2JAE(1-cos€)0).

14



Spacecraft

EXHIBIT 3 - GEOMETRY OF THE GENERAL CASE
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From this expression the desired expressions for QRS and QE.
are readily derived, since .J equals aBS in the former case and ¢E in
the latter. The addition of the factor D in the -expression for QRS is
clearly necessary to account for eclipses.

Next, utilizing the preceding expressions and assumptions, the
spacecraft steady-state temperature T is calculated. Prior to calcu-
lating T, certain supporting calculations and input assignments must
be accomplished. |

First, th¢ value of cos 60 (i.e., cosine of the maximum value of
0) is determined. From Exhibit 4, which assumes that the average alti-
tude of the spa_ce,craft in a POGO orbit is 300 nautical miles, cos 60 .

is calculated as follows:

cos 60 = cos (90o - cos_l (4000/4300))

' 0.93)

= cos (90° - cos”

= 0.367 . .

Spacecraft

300 n.mi.

4000 n.mi

EXHIBIT 4 - GEOMETRY UNDERLYING CALCULATION OF cos 80

16



Next, the values of a and ¢ are assigne‘d és shown1 below:

Material ' .- a a
Mylar 0.32 -
Radiating panel . 0.40

0.8

€

0.8

Finally, after determining the required numerical values of sur-

face area, the spacecraft steady-state temperature is calculated as

. follows:
| o - [(10) (0.4) + (4.5) (0.32)], [443]
= 2409.9 Btu/hr(?)
Qps = 2 [10) 0.4) + (4.5) (0.32] [0.34] [eag] [1 - .367

= 1036.6 Btu/hr(3)’

Q

i

2 V4. R5) (0 8 (74 RY () YA
» A . T . ~ - . oe - . T

1

1116.9 Btu/hr

QI = 410 Btu/hzj

4 _ (2409.9 + 1036.6 + 1116.9 + 410)

T
' {0.8) (1.734 x 1077) (71.4)

1

50 day exposure to the sun.

The a for a radiating panel degrades to approximately 0.4 after a

Here the generalization of Q¢ mentioned in a preceding footnote is
used. Note also that the radiating panel surface area exposed to the
sun is 10 ft® and the Mylar-covered area exposed to the sun is. 4.5 ft~,

3Note the use of a generailization of Qrg similar to that used for Qg.

17



“spot™ on the spacecraft surface. Such-calculations would be unnecessary

_( 4973.4 )1/4
9.88 x 1078

474°R

14°F

It is important, at this juncture, to point out that in the above
calculations of steady-state temperature of the spacecraft surface it
was assumed that the spacecraft is turhbling very slowly, and the
louvers were assumed to be open at all times. ! The resulting temper-
ature of 14°F, then, indicates that adequate thermal control could
possibly be attained. -

Now, since 14°F represents the average temperature of the space-
craft surface, an important next step in the analysis is to calculate the

local temperature under the same conditions at, say, a suspected "hot

o

B

re highst than mavimum allowasble temperature specified. |
T pecified. | | e

‘ Two likely "hot spots" are the radiating panel areas directly over
the battery packs and the transmitters. The local temperature over a
battery pack will be investigated since (1) each battery pack is a critical
spacecraft component and (2) it is likely that little, 1f any, heat received
from the sun's radiation will be conducted ’awa}y by the radiating panel

(due, as discussed below, to the need to conduct away the heat generated

by the packs themselves) over the pack.

Consider, now, the heat-conducting capability of the radiating

panel over the battery pack. The heat, Q that can be conducted away

: c’
from the battery packs by this panel is approximately given by

Q. = Ppt K,

This as\sumption is implied by the values of the radiating panel surface
area and solar absorptivity used in the calculations.

18



where
- P]3 = perimeter (measured in ft) of the battery pack surface
affixed to the radiating panel
t = thlckness of the radiating panel (in ft)
K = conduct1v1ty of the radiating panel (in Btu/hr f’c F/ft)
" = 90 Btu/hr ft° °F/ft for 2014 aluminum

Calculating QC yields

0 .
1

(3.08) (0.003_75) {90)

1.04 Btu/hr °F/ft .

Since the maximum heat output from the battery pack i‘s on the
order of 35 Btu/hr, it follows that, if this heat output were dissipated
soIely by conduction through the radiating panel, the necessary tempera-
" ture diffe‘r’eﬁt‘i"a;l"i‘rf't’h‘e"péiﬁél"viiﬁuld‘h“a‘}‘é“’tﬁ’Be’”a’jppro"}i‘im'a;tély‘B(S‘oF/ft""" T
It is ev1dent therefore, that the radlatmg panel's conducting capability
could be fully utilized to conduct away the heat output from the battery
pack.

V'Thus, optimistically assuming that this is possible, and assuming
also that the radiating panel must dissipate (by radiation) the heat
received from the sun,1 the panel's steady-state temperature can be

calculated ﬁsing the expressions developed above; viz,

+
1

= Qs/eo‘AS = ASG.S Eo'AS
G.S/GO‘

(0.4 x 443)/(0.8) (1.73 x 107 )

n

1Tha.‘c is, considering only Qg or, equivalently, ignoring QRrg and Ry
and setting Qg equal to 0 because of the assumption that the battery
pack heat outpiit is conducted away.

19



11,1/4

H
i

(1.279 x 1077)

598°R

It

.138°F

‘"Therefore, the battery baseplate temperature is considerably
above the tempe rature (lZSOF) at which the batteries become inoperative.

Although the above calculations represent very rough approxima- |
tions, it seems reasonable to conclude -hat loss of attitude control would,
after a feason_ably‘ short time, result in loss of the spacecraft in the
sense that useful information could no longer be obtained. It is re-
emphasized that this conclusion is based on a macroscopic examination
of a single hot spot (i.e., the battery pack) and on the assumption of a
slowly tumbling spacecraft. Steps to remove this hot spot problem could

_ be taken; however, this approach would necessitate the ellmly_latmn 1f

possible, of all remaining problem hot spots.

As regards the rate of ‘tumbling, it appears that if this rate were -

'->1ncreased (acc1dentally or del1berately) the likelihood of an acceptable
thermal condition would be much greater. However, evaluation of this
situation would require a thorough dynamic heat balance analysis, which,
a;t this time is of questionable value to the OGO program.

A brief investigation of the second possibility mentioned earlier
(i.e., incorpqration of a special mechanism for closing louvers upon
. loss of attitude stabilization and control) leads to the conclusion that
this is infeasible considering the many constraints (e. g., maximum
weight) imposed on the spacecraft design. Indeed, it appears that the -
introduction of a mechanism which would preserve the independence of
.the louvers, while still providing the necessary override when needed,
would be difficult to implement, and would prohibitively increase the
weight of the spacecraft. On the other hand, introduction of an override
méchanism that groups all the louvers in a ﬁanel is relatively easy to im -
plement; however, it would negate the existing desirable characteristics

(e.g., independence) of the louver design,

20



5. Summary

THE FOLLOWING PRIMARY FINDINGS (OVER THOSE
ALREADY DISCUSSED IN REFERENCE 1) CAN BE REPORTED AS A
RESULT OF SECOND ASSESSMENT RELIABILITY STUDY OF THE
OGO THERMAL CONTROL SUBSYSTEM: '
a. DESCRIPTION OF THE SYSTEM HAS CHANGED IN
SOME SPECIFIC AREAS. THE CHANGES ARE NOTED IN THIS TAM.
' b.  PRC HAS MODIFIED THE ORIGINAL MODES OF FAIL-
URE, BASED ON CONSIDERATIONS OF THE DIFFERENCES IN THE
EFFECTS ON THE SUBSYSTEM ARISING FROM A "STUCK CLOSED"
LOUVER/ACTUATOR AND FROM A "NOT CLOSED" ONE. THESE
MODIFICATIONS ARE ALSO REPORTED HEREIN,
“c.  COMPONENT PART FAILURE RATES HAVE BEEN
INCREASED TO ACCOUNT FOR THE EFFECTS OF THE LAUNCH EN-
. _VIRONMENT AND TO REFLECT THE LATEST TEST RESULTS. THE
. REVISED FAILURE RATES ARE GIVEN IN THIS TAM.,
| 4. TIIE ABOVE CHANGES RESULT IN A SECOND ASSESS-
MENT RELIABILITY ESTIMATE FOR THE THERMAL CONTROL SUB-
'SYSTEM OF 0.944 (FOR 1 YEAR OF OPERATION)..
e. THE CRITICAL AREAS REMAINING IN THE SUB-
SYSTEM ARE DISCUSSED; THESE ARE THE BATTERY PACKS, THE
TWO 100-MW TRANSMITTERS, AND THE TWO 4-W TRANSMITTERS.
| £ ASPECIAL QUANTITATIVE ANALYSIS TO DETERMINE
' THE INTERFACE EFFECTS BETWEEN THE POWER SUPPLY SUBSYS-
TEM, IN THE EVENT OF LOSS OF ATTITUDE STABILIZATION AND
CONTROL, IS REPORTED IN THIS TAM. THE RESULTS OF THIS PRE-
LIMINARY INVESTIGATION INDICATE THAT LOSS OF ATTITUDE CON-
TROL WOULD SOON NEGATE THE POSSIBILITY OF OBTAINING USEFUL
EXPERIMENT INFORMATION,
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TECHNICAL ADVISEMENT MEMO NUMBER 6

To: Assistant OGO Project Manager, GSFC, NASA

From: PRC OGO Assessment Team
Subject: Second Reliability Assessment for the OGO Structure
Subsystem
1. Subsystem Description
a. =~ General

For a description of the Structure Subsystem the reader is
referred to PRC R-243, Preliminary Reliability Assessment for the
Orbiting Geophysical Observatories (Reference 1), In individual cases
where the description of the present configuration differs significantly '

from that of Reference 1, the latest configuration will be described

“maraeranh af Snhensction B.-Sention IV, Raference 1
paragraph of Snhosection B, -Scction IV, Reference 1,

(1) - Interstaging Function

" The description of the interstaging function now differs
in that the active elements which release the clamp have been changed
from double-ended explosive bolts to hermetically sealed release mech-
anisms actuated by redundant explosive charges. Two advantageé

. accrue from this change, (a) the outgassing problem associated with
the explosive bolts is relieved and (b) the redundant charges in the her.—
metic'a.lly sealed mechanism are arranged so that in the case of the
failure of one bridge wire and a low order detonation of the other charge
(the primary cause of failure for ordnance devices), the charge with
the failed bridge wire may be detonated by the low order detonation of
the second charge. This allows one combination of "degraded" events
leading to successful separation of the clamp which did not exist with

the explosive bolts.

“below in a paragraph designated to correspond to an identically numbered




(2) - Appendage Deployment

The description of the gas-actuated appendage release
mechanism portion of the appendage deployment sy stem hé.s changed,.
The latest version was described in Technical Advisement Mémorandum
No. 5, which will be bound herewith in the Second Assessment‘ final

report.

(3) Appendages

The description of the appendages has changed in that
the antennas have been arranged so that they do not require the three
extra hinge joints described in Reference 1. Thus,‘ the total number of

deployment hinges to be consideredmow is 17.

b. Detailed Assumptions

<

(1) - Interstaging Function

The first assumption of Reference 1 has been deleted.

.. 2 Modes of Failure )

—_—

o Thé poss1b1<; modes of fraiiiurr'rer rharwre Béen changed to the following:

a. Tht;, interstaging function can fail if both'hermétically sealed

release mechanisms fail or if the remainder of the staging system fails.
b. The appendage deployment operation can fail if either deploy-

' ‘'ment release assembly fails. Each assembly can fail in the following

modes: o
‘e - Both gas bottles fail
Both explosive valves fail
° Any double-ended release latch associated with one
boom fails
) Any boom fails to deploy
3. Numerical Assessment
a. Model Equations

Only those model equations which have changéd since the

preliminary assessment are presented on the next page:




: Intersta'.ging. Basic Appendage
Ps(Sl) = P Function ) 1j(Structure) P(Deployment) (IV.E.2)

. 4N 7 ‘ |
Interstaging, _ . Release ' Remainder of
P( Function )= {1 -[1: B 1:')(Mecha.nism)] } {P(Staging SYstem)} (IV.E.4)

Appendage Release Release

Deployment) - P(Assembly “A“) P(Assembly "B") P(Hinges) (IV.E.5)

P(

2
6
p( Appendage ) _ {ZP(V)QW)P(L)" + PV [1-Q(1)°] }

Deployment
ROy , (IV.E.6)
{7P(30int) [1-Q(Spring)®])
where: . (V) is an explosive valve
{L) 1is a single end of a double-ended release latch
Delete: (IV.E.7), (IV.E.8), (IV.E.9), and (IV.E.10)
.b. Component Parts Complement of the Structure Subsystem

The component parts complement of the ;Eu'Béji’s‘tei‘n and their

failure probabilities are as foliows:.

Component Part Number of Parts Failure Probabilityl
Release Latch (One End) 24 ' 0.007
-Mechanical Joint 17 ~ 0.0004
Torsion Spring 34 0.0004
~Explosive Valve L 4 0.008

Sealed Release Mechanism 4 0.05

(One charge) .
Rémainder of Staging System 1 0.005

Basic Structure 1 0.001

E

1,’I_‘hese will be recognized as the failure probabilities used by STL in
their assessment of OGO Reliability. As explained in PRC's Progress
Report for the period ending 15 April 1962, STL's failure rates for
structural items are being adopted by PRC until such time as testresults,
stress analysis, etc., may indicate that revision is desirable. Adoption
of STL's larger failure rates was motivated primarily by the inclusion

in this assessment of the effects of launch phase dynamics.



c. Calculations

The calculated probabilities of success are listed below.
Recalling the detailed assumptions for this ‘sﬁbSystem, it is seen that
the probabilities remain the same throughout the mission time, and

subsystem reliabilities versus time need not be presented.

Probability of

Item Symbol Success
. Interstaging P(Int;\:-:é:?igc)lsg) 0.995
Basic Structure P(St}sjcis;fre ) 0.999
Append '
Appendage Deploy- P(Dglflir;rrigzt) 0.991

ment Operation

o

Structure Subsystem PS(S_I) 0.985

Additional findinges {over thoge of Refercence 1) concerning the
strengths and weaknesses of the structures subsystem are drawn entirely

from review of STL specifications and réports.

a. STL Specifications

(1) The following STL Specifications have been reviewed:

.- STL Number " Revision' _Date Title

D13357 A 7/27/61 ' Specification Spacecraft/Launch
Vehicle Interface OGO )

D13360 12/5/61 Specification Structure Subsystem

s OGO

D13361 1/24/62 Specification Basic Frame OGO

D13362 1/29/62 Specification Solar Array Structure
OGO

D13363 2/2/62  Specification OPEP Support OGO

D13364 1/24/62 Specification Folding Devices OGO



STL Number Revision _Date Title

D13351 A 1/16/62 Specification -Environmental Design
Qualification Test Electronic and
Mechanical Assemblies OGO

D13353 ' 6/1/62  Environmental Type Test OGO/
' : Spacecraft

12/28/6]1 Preliminary Environmental Test
Levels for OGO Experiments

(2) . The conclusions drawn from the review of the above speci-
fications and Reference 9, are as follows:

e  If Reference 2 accurately predicts the maximum ac-
celeration, shock and vibration loads, then>the spécifications and qual-
ification test requirements adequately provide for the design of a highly
reliable structure subsystem. This conditional conclusion is drawn by
PRC although an acceleration test is not included, nor its exclusion

justified; " in the Ervit ofiméntal Type Test! "It7ig PRC's judgimeént that ™~

) the exclusmn of the acceleration test is a low order risk.-

° It is certain that varlatlons around the maximum ac-
celeration, shock and vibration loads called out in Reference 2 will
exist with some, hopefully small, but finite probability of occurrence.

) The above conclusion notwithstanding, it is felt, that-
the two environmental qualification test specifications, D13351 and
D13353, are sufficiently severe to adequately define most significént
structural problem areas during the performance of the prescribed
tests, if these problem areas have not already been located during the
development testing.

(3) During study of these specifications, the need for considera-
tion of uneipected load variation became apparen{:. Hence, as an aid to
quantitative prediction of the probability of occurrence of damage due
to unexpecfed loads, an approach to a methodology for predicting the
probability of occurrence of unexpected loads has been formulated and

will be developed and applled during the third assessment.



b. STL Test Reports

The results of reviewing avallable STL development test

reports are presented below:

(1) OGO Boom Hinge Deployment Tests (Reference 3),
Deployment Test of OGO Single Element Straight Boom
(EP-1) (Reference 4) and Proof Test of Boom Deploy-
ment Springs (Reference 5)

° The design of the boom deployment hinges and
sprmgs appears to be adequate.

® With the looped cable method (the STL selected
method) it appears from the test results that, in all cases, deployment
could be accomplished with a single power spring at each hinge. Dis-
cussions with the responsible STL engineers, however, indicate that
they ére reluctant to go to one spring per hinge because they fear that

the loss of the two spring redundancy and the torque safety mvargin

It is felt by PRC, however, that this ,posslbﬂltv should be further inves-

tigated, since the springs can be shown to exhibit at least 0.9993 reli-
ability with 95 percent confidence at ambient temperatures and little loss
of reliability may result at ‘the low temperature. Now, if only one spring
with 0.9993 reliability is substituted in each of the 17 hinge joints and
P(Appendage Deployment) is computed on this basis, it is found that
P(Appendage Deployment) = .0982, rather than the previous 0.991. The
over-all effect on the Structure Subsysterﬁ reliability is to reduce

PS(Sl) to 0.976 rather than 0.985. In view of the fact that this approach
would allow a weight decrease of approximately two pounds, the modest
decrease in reliability may prove to be an acceptable risk.

e In lieu of the above recommendations, if it is
preferred to retain two springs per hinge, it is suggested that the spring
design be.optimized for each hinge type whenrtherfinal selection of wire
size is firm. Such optimization will result in a nonnegligible weight

savings.



(2) - 0GO Deployment Release Mechanism Test (Reference 6)

© The results of this test indicate that the deployment
release mechanism is adequately designed and, although galling and de-
formation occurred after 90 ta 100 actuations, these wearout phenomona
can be expected to have little effect on the reliability. for one actuation.
Thus; a high reliability can be expected.

(3) OGO Panel Deve‘lopment Tests (References 7 and 8),
and Various Structural Drawings

From the review of this information, the'following
expected problem areas have been defined on the basis of experience
and engineering judgment: ‘

' ° It is felt that vibration inputs to the spacecraft
during the'launch phase will very likely be transmitted through the ex-
periment mounting panels at levels which will expose-the experiment
packages to acceleration levels higher than their design specifications

relquire. Several approaches to ierlie'ving'ffﬁ’f pr oblem exist and will be -

‘analyzed if this situation is verified during testing.
] It is considered possible that the vibration levels

experienced by the folded solar arrays during the launch phase will be
high enough to cause damage to the arraye due to large elastic excur-
_sions. The most probable failure mode is expected to be the loosening
or damagirig of the solar cells due to twisting or bowing of the substrates.
As with the expenment panels, several avenues of approach to the solu-
tion of the problem exist and will be studied if the problem is verified
by testing.

) o It would be unwise to apply} solutions to these
problems before the problems themselves are verified, since the solu-

tions will 1nvar1ably result in a weight penalty.
‘5.  SUMMARY

TO SUMMARIZE, THE FOLLOWING PRIMARY FINDINGS (OVER
THOSE ALREADY REPORTED IN REFERENCE 1 AND IN TAM NO. 5)

CAN BE REPORTED AS A RESULT OF SECOND ASSESSMENT
RELIABILITY STUDY OF THE OGO STRUCTURE SUBSYSTEM:



a. DESCRIPTION OF THE SUBSYSTEM HAS CHANGED TO
SOME EXTENT. THESE CHANGES ARE STATED IN THIS TAM.,

b.  PRC HAS MADE SOME CHANGES IN MODES OF FAILURE,
THESE ARE ALSO REPORTED IN THIS TAM.

c. CHANGES IN THE SUBSYSTEM HAVE NECESSITATED SOME
CHANGES IN THE MODEL EQUATIONS AND PARTS COMPLEMENTS.
THESE ARE GIVEN IN THIS TAM,

d. THE ABOVE CHANGES, COMBINED WITH ADOPTION OF
STL's HIGHER FAILURE RATES FOR STRUCTURAL PARTS, RESULT-
IN. A SECOND ASSESSMENT RELIABILITY ESTIMATE FOR THE
STRUCTURE SUBSYSTEM OF 0.985. _

e. REVIEW OF STL SPECIFICATIONS, DRAWINGS, AND
TEST REPORTS INDICATE THAT A HIGHLY RELIABLE STRUCTURE
SUBSYSTEM MAY BE EXPECTED. HOWEVER, POSSIBLE PROBLEM
AREAS HAVE BEEN IDENTIFIED, WITH THE PROBLEMS RESULTING
FROM LAUNCH AND BOOST INDUCED VIBRATIONS, THESE PROB- )
LEMS MAY EXIST IN THE EXPERTMENT MOUNTING PANELS AND .

THE SOLAR ARRAYS.,

f. A WEIGHT SAVING OF ABOUT TWO POUNDS MAY BE
REALIZED BY ELIMINATING REDUNDANT HINGE SPRINGS. PRE-
LIMINARY INVESTIGATIONS INDICATE THAT A REDUCTION IN SUB-
"SYSTEM RELIABILITY FROM 0,985 TO ABOUT 0.976 WOULD RESULT,
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TECHNICAL ADVISEMENT MEMORANDUM NO, 13

To: Assistant OGO Project Manager, GSFC, NASA

From: PRC OGO Assessment Team
Subject: OGO Spacecraft System Reliability
1, ‘Summary

This TAM presents the results of the second assessment of
OGO spacecraft system reliability, . In Section 2 the figure-of-merit.
(FO'M) and classical system reliability model formulations established
in the first assessment report, PRC R-243, will be restated, and the
numerical evaluations of spacecr?ft system reliability conducted from

- the two points of view will be'presented.

2, FOM and Classical Reliability Evaluations

The basic FOM formulation derived in R-Z ¥ 2
.expecte‘d relative value, V(t), of spacecraft performance. This ex-
presses the value that can be éxpected from an average OGO mission's
experimental information from an initial time-point to any given one, t,
relative to the value that would be obtained if no spacecraft equipments
failed to this time t. The degraded expectation thus arises from the
probabilities of spacecraft equipments failing,

The defining equation is

M
Vi) = ) PlS; ) V(S0 M
i .
where M = the number of possible equipment states of the sp.acecraft

P(S.l,t) the prdbability that spacecraft system state Si will

occur at time t



'V(S,,t) = the relative value of the spacecraft's output at time t
t (or, rather, a small time interval about t) given that
it is in state Sj at that time. This relative value is
the ratio of the output value (as appropriately defined,
e.g., the number of performable experiments) of the
spacecraft in state S; to this value in the perfect state

As in the first assessment, V(Si,t) " is now defined as

V(Si’t) =n /N (2)

where N is the total number of experiments performable in the perfect.
state, and n, is the number of experiments performable in system

state Si' The values of ni/N used in the numerical assessments to

follow are listed in Exhibit 1.
The state probability  P(S.,t) is.written, also as in the first as-_

sessment, as the product ot certain su'bsystemdstate probabilities:

P(Si,t) - .985 P t) . (3)

couS; 28 PacsSp s t) PpglS; 2t Py (S

1 2 3 iy

Here CDH denotes thé Communications and Data Handling Sub-
system, ACS the Attitude Control and Stabilization Subsystem, PS
the Power Supply Subsysfem, and TC the Thermal Control Subsystem.

‘Structure Subsystem reliability is taken as a constant value of .985, re--
flecting (;nly launch failure possibilities and assuming that it then re-
mains in the initial state during the remainder of the mission, except
with negligible probability, ) |

The subscripts on the i's denote the components of the index 4-
tuples (il_, iZ’ 13, i4) that reprebsent the subsystem state combinations
giving each system state. These correspondencies are also listed in
Exhibit 1,



r

80 XHIBII 1 - LIST OF DEFINING SUBSYSTEM 4- TUPLES AND
RELATIVE V-ALUES FOR EACH SYSTEM STATE

System Statc . Subsystems State Relative
Index, i 4-Tuple Value, ni/N

1 (1,1,1,1) 1

2 (2,1,1,1) 39/40

3 (3,1,1,1) 39/40

4 (4,1,1,1) 9/10

5 (5,1,1,1) 9/10

6 (6,1,1,1) 7/8

7 (7,1,1,1) 13/15

8 (8,1,1,1) 4/5

9 (9,1,1,1) 4/5
'{5““”’“"'”'”““”"“ﬁ6 Ti*ﬂ I ERVAL- N
1 S nnyTo 710
12 (12,1,1,1) 7/10
13 (13,1,1,1) 7/10
14 (14,1,1, 1) 2/3

15 (15,1,1,1) 3/5

16 (16,1,1,1) 3/5

17 (17,1,1,1) 3/5 .
18 (18,1, 1, 1) 3/5

19 (19, 1,1, 1) 3/5
20 (20,1,1,1) 11/30
21 (21, 1,1, 1) 11/30
22 (22,1,1,1) - 8/15
23. (23,1,1, 1) 1/2
24 (24,1,1,1) 1/2
25 (25,1,1,1) 7/15
26 (26,1,1,1) 2/5
27 (27,1,1,1) 1/5
28

All Others

0




Since outpﬁt value is effectively zero if any of the suBéystems ex-
cept the CDH is in other than a perfect state, only the various degraded |
states of the CDH subsystem give rise to d'egrad'ed states of interest
for the system. The probabilities of such system states are, therefore,
the products of the probabilities that the ACS, PS, and TC Subsystems
are in their satisfactory (non-zero output producing) states times the
probability of occurrence of each of the 28 CDH states (the last of which
is the dead state). These subsystem state probabilities are listed in
Exhibit 2. The system state probabilities to which they give rise upon
multiplication according t() Equation (3), as has been discussed, are
listed in Exhibit 3. '

| Finally, the results of computing V(t) from Equation (1) for four
values of time t during the mission form the base points for the inter-’
polated graph of V(t) in Exhibit 4, _
... A second figure-of-merit is the time average of the expected rela-
tive value, _\7(1'). In a mission time interval of length T

o

T

. L/
V= ¢ Ve a . (4)
! .

Its merits are also discussed in R-243, It is graphed in Exhibit 5 from
a nuinerical integration, V(t), given in Exhibit 4. '

The classical spacecraft reliability measure R(t), the probabil-
ity that the spacecraft will be in a "satisfactory state" at time t, is
obtainable by simply defining the meaning of "satisfactory state," in
terms of the Si that have been listed, and then adding the probabilities
that the system will be in each such state, This gives as a sum the

probability that the system will be in some satisfactory state; i.e., its

reliability in the classical sense. _
As in R-243, satisfactory system states are here selected to be
those corresponding to the CDH subsystem's being in one of its first

14 states, and the remaining subsystems"' being in their individual



EXHIBIT 2 - SUBSYSTEM STATE PROBABILITIES SUMMARY

Communications and Data Handling

Attitude Control and Stabilization

State Probabilities, ,PCDI-I-(SiZ , t) State Probabilities; PACS(SiZ , )
Time (hours) Time (hours)
i 2190 | 4380 6570 | 8760 | |2 | 2190 | 4380 | 6570 |8760
1 | .77222| .44296] .21424|.09300| |1 | .338 | .153 | .068 [.028
2 | .00547|.00879| .00734).00465 | |, (o5 | a4z | 932 |.972
3 | .01172].01856|.01579|.01011
4 | .00089|.00131|.00111].00042
5 | .00626|.00999|.00835.00532
6 | .00927|.01493|.01259|.00804
7 | .00412].00614|.00509].00320 ‘
8 | .11395|.22528.23896|.19127 | |ge.¢c Propg’;"{ﬁfig‘elfs’f’lyp S . b)
9 | .00365{.00585]|.00488|.00310 I B O
10 | .00004|.00013|.00016.00014 S B z;z;e(fzsgi) —
11 1| .o0034l onrazl anz2421.no2s3-l 12 1 219V 1 =200 0900 | |
12 | .00251].01051].01758].01971 | |1 .9926 | .9738 | .9413 |.9095
13 | .00371}.01555|.02606(.02918 | (1) (o020t 0262 | 0587 |.0905
14 | .00158].00657|.01096]. 01222
15 | .00003|.00085{.00054|.00030
16 |.00148|.00618|.01035{.01182
17 |.00013}.00118].00296(.02873 ool Control
18 .00004(.00031(.00079|.00119 | [State Probgbﬂiﬁes; I%TC(SL¥,t)
19 | .00009.00074|.00187 |.00280 Time (hours)
20 | .00006.00050|.00125.00187 iy (2790 Tasso Vasro lareo
121 |.00009}.00074].00186|.00277
22 | .00002{.00015(.00039}.00059 | 995 {.988 |.972 |.944
23 .00005}.00047.00117}{.00176 | |,(1)} o5 [ 012 |.028 |.056
24 |.00008}.00070].00174}.00260
25 | .00003|.00029{.00073|.00110
26 | .00001/.00011{.00026.00039
27 {.00056/.00096|.00087.00069
28N 06158].21883].40969(.56040 | Note: (1) Subsystem failure states.




EXHIBIT 3 - SYSTEM STATE PROBABILITIES AND CLASSICAL

SYSTEM RELIABILITIES FOR EACH MISSION TIME

(2) Sum of probabilities of states 1 through 14,

a

System State Probabilities, P(Si’ t)
SysItem Sta:te Time, t (hours)
ndex, i
2190 4380 6570 8760
1 24641 06213 01274 .00220
2 00175 .00123 .00044 .00011
3 00374 .00260 .00094 .00024
4 00028 00018 .00006 .00001
5 .00200 .00140 .00050 .00013
6 .00295 .00209 .00075 .00019
7 00132 .00086 .00030 .00008
8 .03636 03160 .01421 .00452
9 . ",00117 -.00082 .00029 ~.00008
TUIOTTTTTTTTTTIT 0006017 T T 7U000027 | L00001 ST Taa ’
11 00011 . .00019 .00014 ©.,00006
e A2 e e BE0B0 T T T O0ET IO T0E T ounad
13 .00096 ,00218 00155 00068
14 -,00050 .00092 .00065 .00029
15 .00001 .00012 .00003 .00001
16 .00047 .00086 .00062 .00028
17 .00004 00016 .00017 .00068
18 .00001 .00004 .00004 .00003
19 .00003 .00010 .00011 .00006
20 - .00002 .00007 .00007 .00004
21 .00003 .00010 .00011 .00006
22 .00001 .00002 .00002 .00001
23 .00002 .00006 .00006 .00004
24 .00003 .00010 .00011 .00006
25 .00001 .00004 00004 .00002
26 .00000 .00001 .00001 .00001
27(1) .00018 00013 .00005 .00002
28 .70078 .89050 .96494 .98962
Classical (2)
System Reliability .298 .108 .034 .009
Notes: (1) Failed state (some subsystem failed),
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subsystem satisfactory states. That is, system states 1 through 14 in"
Exhibit 3 are satisfactory. Spacecraft classical reliability R(t), then,

is given by ;e

14
R(t) = ZP(Si,t) . (5)
i=1

The last row of Exhibit 3 presents numerical values of R{t) for
- four mission times of interest. Also, Exhibit 6 presents an interpolated
graph of R(t).
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T'is given in'terms of reference TAM numbers, ~

V. CONCLUSIONS AND RECOMMENDATIONS

The second assessn;ent effort has increased the scope of the OGO
reliability study and, accordingly, has led to a number of conclusions
which supplemeht or, in some instances, more strongly confirm those
that resulted from the first assessment. The analyses and reasoned

judgments incorporated into the TAM's that constitute this feport set

forth the most recent conclusions that have been reached regarding OGO

reliabilify. To facilitate the review and study of these more important

inferences, they have been abstracted from the appropriate sections of

the report and are presented here in a concise fashion. Certain conclu-

sions lead rather naturally to corresponding recommendations; these.
have been presented in the TAM's and are not readily susceptible of

condensation. Accordingly, the source (or sources) of each conclusion

— ..
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1. The classical reliability goal of 0.70 for 1 year in orbit, es-
tablished by NASA for OGO, is not likely to be realized. It must be noted
that this conclusion is based on the probability that random failures of
component parts will not impair the satellite to the extent of losing more
than one-third of the experimental data channels prior to 1 year of oper-
ation. TAM No, 13 is the s_éurce of this conclusion.

2, The probability of completing the launch and.acquisition phaées
without a serious loss due to random fail\ires is relatively high, and there
is approximately a 66-percent chance that OGO will conclude its first
month of operation with sufficient equipment intact to return at least two-
thirds of the experimental data. The graphs in TAM No, 13 bear this out.

3. ' The Attitude Control and Stabilization Subsystem is the weak-
est of the five major subsystems from a reliability standpoint. This con-
clusion must be qualified by noting that the second assessment effort did
not include a detailed revision of the CDH Subsystem reliability estimate.

The ACS Subsystem reliability estimate of 0.0285 for 1 year refleg:tsf a



gi‘eater depth of analysis and the inclusion of more failure modes than

was possible in the first assessment study of this subsystem. TAM
No. 12 provides the det_:a.iled'reasoning—behindvthis judgment.

4, It is unlikely that the system i'eliability goals can be met
without a drastic revision of the mission objectives and a corresponding
simplification of subsystem complexity., There remains some possi-
bility that the use of special, high-reliability piece parts would effect a
significant upward change in the reliability estimate; however, the
magnitude of this effect cannot be predicted accurately without further
étudy. This somewhat genéfal comment arises from consideration of
all of the second assessment work.

5. The failure rates used in this assessment are considerably
loWer, on the average, than those employed in the first assessment;

however, the effects of the rate reductions have been largely offset by

-the more stringent reliability analysis resulting from the greater depth  _ . _

of the study, Failure rate philosophy is presented in TAM No. 7.

B. Communications and Data I—Ia,ndlling, Subsystem Specific Conclusions

1. The relative increase in the reliability estimate for this sub-
system over that resulting from the first assessment reflects the gener-
ally lower failure rates used. It should not be inferred that substantial

reliability improvements were obtained by subsystem redesign. TAM

No. 9 is the source of this conclusion.

2. The main commutator matrix (MCM) ,. as currently imple-
mented, does not consitute the most reliable configuration when viewed
on a figure-of-merit basis, The criterionof an economical parts budget
is not alWays a suitable indicator of reliability when the consequences
of failure are weighed., Other methods of gating the states of the main
commutator counter (MCC) to the MCM should be employed. A gener-
alized approach to the analysis will be found in TAM No. 2, which sug-
gests two alternative gating schemes and points the way to further

analysis,



C. Attitude Control and Stabilization Subsystem Specific Conclusions

1. The pitch andbr‘oll channelsare less reliable than the array.
and yaw channels, princip.'ally- because of the influence of the horizon
scanner. TAM No. 12 illustrates this in detail,

2. Redundant piece parts have been applied ﬁonuni‘formly
throughout various areas of the ACS. This is observed particularly-
in the apparently inconsistent attempts to use éemiconductor quads or
pairs, Recommendations 2 and 4 of TAM No. 7 are the sources of
this conclusion. )

3. The logical circuitry implementing many of the ACS func-

tions has not been optimized to achieve the simplicity that would un-

‘doubtedly improve reliability, Notably, the earth acquisition circuits

and small earth discriminator logic are susceptible of considerable

simplification, as is brought out in recommendations 5, 6, and 7 of

---TAM -No. 12.. Récommendationé_lvar_}q 3 provide further evidence of

—_—

~the basis for this conclusion.

D. Power Supply Subsystem Specific Conclusions

1. The redesign of the Power Supply Subsystem has elimina-
ted a number of subsystem weaknesses and has significantly improved
t_hg subsystem's reliability ove1" that which was estimated in the first
assessment. TAM No. 11 documents this conclusion. '

2. Batteries remain the weakest link in the Power Supply Sub--

- system., Aitﬁodgh redilnd'an'cy has been provided in this area, it is ef-

fective under all conditions of operation only if the batteries are not
discharged beyond the specified limits. The potential redundancy of = -
the charge régulators has not been fully employed, in that each regula-
tor is constrained to operate with only one particular battery. TAM
No. 11 furnishes more details for these conclusions.

3, The short-term reliability of the Power Supply Subsystem
is relatively high because of the significant degree of redundancy that
exists in this subsystem. This is based on a comparison with a non-

redundant system that would have an equivalent l1-year reliability. The



graphs of reliability in TAM No. 11 show the redundancy effects in the

form of a noticeable departure from the classic exponential form,

E. Thermal Control Subsystem Specific C'onclusions

1. The inclusion of the effects of launch environment and the
incorporation of test results have significantly lowered the reliability
estimate for the Thermal Control Subsystem below the estimate re-
ported in the first assessment. TAM No. 8 is the basis for this con-
clusion. The reliability of this subsystem continues to be high, how -
ever, relative to some of the other subsystems,

2, The transmitters and battery packs are the critical space-
craft locations from the standpoint of thermal control.. These heatf
sources are less tolerant of high temperatures and more difficult to

cool., This is discussed in TAM No. 8.

F.  Structure Subsystem Specific Conclusions

1. "The second assessment; together with a r view of STL

Cepotificntione; deswinga, and testirenarte dndicates that i.;—‘).'—i‘hig]‘f\;]r}r— resm. .- o
liable Structure Subsystem may be expected., Launch-induced vibra-

tions, however, may reveal problem areas in the experiment mounting

panels and in the folded solar arrays. TAM No. 6 is the source of this
conclusion. ' o

q 2. A decrease in the degree of redundancy within the append-

age deployment release mechanism will effect a weight saving of about

0.78 pounds, and, if explosive valves with redundant charges can be

employed, the weight reduction can be accomplished with little sacri-

fice in reliability. TAM No. 5 analyzes the details on which this con-

clusion is based.

G. Additional Specific Conclusions

1. The loss of attitude control and stabilization, with result-
ant random tumbling of the satellite, will seriously affect the power
supply, but there is reason to believe that some spacecraft functions

could be maintained by means of the average incident solar radiation.



A distinct hazard exists, however, in that the uncontrolled thermal sit-
uation might allow the batteries.to exceed the design temperature limit,
This problem is analyzed in TAM No. 3 and TAM No. 8.

2, Comparison of STL's OGO Reliability Report Number II

with the PRC first assessment results discloses that differences in

failure-rate assignments are a major cause of disagreemeﬁt in numer-
ical reliability estimates. It is known, however, that other differences

between the two studies exist, and most of these involve the more opti-

" mistic modeling assumptions governing the STL approach., This con-

clusion is based on the material in TAM No, 4.




